/P ir\ CONTRpL DATA 

vSi2/ 



CORfORATION 



E:rsjcBn\iEE:FRirsjc3 

S F^EC: I R I CD ATI CD INJ 



— SUPER- - COMPUTER OPERATIONS 



NO. 371D0b7D 

DATE Jan-. naO 

PAGE 1 OF 17b 

REV. A 



CDC '^^^ CYBER EDD 



nODEL INDEPENDENT INSTRUCTION .SPECIFICATION 



CPU Desgin 
jianaqer 



R' C 



Advanced 
Design 

Hanaqer 



Product 
Engineering 



Engineering 
Director 




li. kj- 



Yyrpr 



{CONTROL DATA J ENGINEERING NO. 37ioo670 

OATE Jan., 1980 

J Corporation I SPECIFICATION PAGE 11 
, f^EV. A 



SUPER COMPUTER OPERATIONS 



TABLE OF CONTENTS 



£AG£ 



1.0 SCOPE 1 

1.1 Definition of Radix and Power Notation ...... 1 

2.0 APPLICA3LE DOCUMENTS 1 

PERFORMANCE REQUIREMENTS 1 

General Description. ........ 1 

Instruction Formats and Types. ....... ...2 

Instruction Formats - all fields are 8 bits 

unless otherwise specified.. ...........2 

Format 1. ...... ...... ...2 

Format 2* ....... 2 

Format 3»..... ••.........•. ..2 

Format <f.. »...*........ ••••..2 

Format 3. 2 

Format ^..... .... 3 

Format 7....... 3 

Format 8 .3 

Format 9. ....... •••.....3 

Format A.... ......3 

Format B... ....3 

Format C .............tf 

InstrucMon Types. ..<f 

Register Instructions (RG) k 

Index Instructions (IN). tf 

Branch Instructions (BR) ..<+ 

Vector Instructions (VT) ..5 

Vector Macro Instructions (VM) .....9 

Sparse Vector Instructions (SV). ......... 10 

String Instructions (ST) .............12 

Logical String (LS). 13 

Monitor Instructions (MN) 1^* 

Non-Typical Instruction (NT) It* 

Operand Size Definition and Addressing ...... l^* 

Termination Rules. ... .......18 

Vector Instruction Termination ..........19 

Vector Macro Instruction Termination . . 19 

Sparse Vector Instruction Termination. ...... 19 

String Instruction Termination .....20 

Tables of Termination/Instruction Type/ 

Field Type ......20 

Definitions and Rules. ..............23 

Overlap of Operand and Result Fields 23 

Self-Modifying Programs* Undefined 

Instructions and Undefined Operands 23 

3. I.'*. 2.1 Self-Modifying Programs 23 



3 


.0 








3 










3 




.1 






3 




.1 


.1 




3 




.1 


.1 


.1 


3. 




.1 


.1. 


.2 


3 




.1 


• 1. 


.3 


3. 




.1 


.!< 


.if 


3. 




.1 


.1. 


.5 


3. 




.1 


.1. 


► 6 


3. 




.1. 


.1. 


.7 


3. 




.1. 


.1. 


.8 


3. 




.1. 


.1. 


,9 


3. 




.1. 


.1. 


.10 


3. 




.1. 


.1. 


.11 


3. 




.1. 


.1. 


12 


3. 




.1. 


.2 




3. 




► 1.2. 


1 


3. 




.1. 


.2. 


2 


3. 




.1. 


.2. 


3 


3. 




.1. 


.2. 


k 


3. 




.1. 


2. 


5 


3. 




-1. 


2. 


6 


3. 




.1. 


.2. 


7 


3. 




.1- 


2. 


3 


3. 




1. 


2. 


9 


3. 




1. 


2. 


10 


3. 




2 






3. 




3 






3. 




3. 


1 




3. 




3. 


2 




3. 




3. 


3 




3. 




3. 


I* 




3. 




3. 


5 




3. 




k 






3. 




tf. 


1 




3. 




k. 


2 





ICONTROL DATA J ENGINEERING NO. 3710067Q 

OATE Jan., 1980 

! Corporation I SPECIFICATION PAGE iii 
t REV. A 



3 


.1 


.t* 


.2 


.2 


3 


.1 


.«♦ 


.2 


.3 


3 


.1 


.k 


-2 


.5 


3 


.1 


,k 


.3 




3 


.1 


,k 


.3 


.1 


3 


.1 


,k 


.3 


.2 


3 


.1 


.t* 


.<f 




3 


. 1 


.k 


.5 




3 


.1 


,1* 


.5. 


.1 


3 


.1 


.k 


.5. 


.2 


3. 


.1 


.k 


.5. 


.3 


3. 


.1 


,1* 


.6 




3. 


. 1 


.k. 


.6. 


.1 


3< 


.1 


.i*. 


.6, 


.2 


3. 


.1 


.!*. 


.6, 


.3 


3. 


.1 


.k. 


.6. 


,1* 


3. 


.1. 


.k. 


.6, 


.5 


3. 


.1' 


.k. 


.6. 


,6 


3. 


.1. 


.if. 


.6, 


.7 


3. 


.1' 


.'+, 


.7 




3. 


.1. 


.'♦. 


.8 




3, 


1. 


,t*. 


.9 




3. 


1. 


.5 






3. 


1. 


,S 






3. 


1. 


,S. 


1 




3. 


1. 


6. 


2 




3. 


1. 


6. 


2. 


1 


3. 


1. 


6. 


2. 


2 


3. 


1. 


6. 


2. 


3 


3. 


1. 


6. 


2. 


if 


3. 


1. 


6. 


2. 


5 


3. 


1. 


6. 


2. 


6 


3. 


1. 


6. 


3 




3. 


1. 


7 






3. 


1. 


8 






3. 


1. 


8. 


1 




3. 


1. 


8. 


2 




3. 


1. 


8. 


3 




3. 


1. 


9 






3. 


1. 


9. 


1 




3. 


1. 


9. 


1. 


1 


3. 


1. 


9. 


1. 


2 


3. 


1. 


9, 


1. 


'f 


3. 


1. 


9. 


1. 


5 



SUPER COMPUTER OPERATIONS 



TABLE OF CONTENTS 



II legal Instructions •.•.•••••••....23 

Undefined Instructions Z'* 

No op Instructions ......... 2^ 

Floating Point Format. ... Zk 

32-Bit Floating Point Format ...25 

6^-bit Floating Point Format 27 

End Cases 29 

Floating Point Compare Rules *...*.... .-. 29 

One or Both Operands Indefinite. 29 

Neither Operand Indefinite but One or 

Both Operands Machine Zero .29 

Neither Operana Indefinite Nor Machine Zero. . . . 30 

Upper and Lower Results. 31 

Right Normalization. ...............32 

Floating Point Add ...... 32 

Floating Point Subtract. ....... ......33 

Results of the Floating Point Multiply 

Instruction .......35 

The Floating Point Divide Instruction. . 35 

Normal ized Upper Results ....•.••.•...36 

Double Precision Results . .......37 

Floating Point Square Root •...•.•.....37 

Significant Results. . 38 

Sign Control .............. 39 

Item Count (field lengths, offsets, 

indices, etc.) 1^3 

Data Flag Branch Register. ............tf^* 

General Description. ...............iftt 

Register Description ...............<f5 

Data Flag Bits kS 

Mask Bits kS 

Product Bits 1*8 

Data Flag Branch Enable Bit hS 

Data Flag Register Bit Assignments ..••....'♦•6 
Free Data Flags. ..••..•.••.•••...tf9 

Data Flag Branch (DF8) • 56 

Register File. • 57 

Real Time Counters 67 

Free Running Clock 67 

Monitor Interval Timer ....... ....... 67 

Job Interval Timer ................67 

Virtual Adaressing Mechanism ... ..68 

Definitions Associated with Virtual Addressing . . 68 

Monitor Mode and Job Mode .......63 

Page ..69 

Associative Words ...71 

Associative Registers (AR) and Soace Table .... 72 



SCONTROL DATA S ENGINEERING NO. 37100670 

DATE Jan., 1980 

J Corporation J SPECIFICATION PAGE iv 
^ REV. A 



SUPER COMPUTER OPERATIONS 



TABLE OF CONTENTS 

■ "- PAQ£ 

Page Table ••••• .73 

Absolute Address ••».••••••••.••. .73 

Lock 7k 

Keys 71* 

Operation of the Virtual Addressing 

Mechanism. ....................75 

Access Interrupts. • ....75 

Exchange Operations and Invisible Package 77 

Performance Characteristics. .. ...80 

Instruction Descriptions .............80 

00 «♦ NA MN IDLE 83 

01 ILLEGAL Qi* 

02 ILLEGAL 8k 

03 KEYPOINT - MAINTENANCE . 8i» 

O't t* Sk NT BREAKPOINT-MAINTENANCE dk 

05 «f SI* NT VOID STACK AND BRANCH ....'... 85 

06 7 NA MN FAULT TEST - MAINTENANCE 85 

07 ILLEGAL 87 

08 k NA MN INPUT/OUTPUT PER R 87 

09 k bk BR, EXIT FORCE. 87 

OA I* 61* MN TRANSMIT (R) TO MONITOR INTERVAL 

TIMER 88 

OB ILLEGAL 88 

OC k Sk MN STORE ASSOCIATIV^E REGISTERS .... 88 

OD k bk MN LOAD ASSOCIATIVE REGISTERS 88 

OE k bk MN TRANSLATE EXTERNAL INTERRUPT. ... 89 
OF t* bk MN LOAD KEYS FROM(R ), TRANSLATE 

AOORESS(S) TO (T) 90 

3.2.1.17 10 A bk RG CONVERT BOC TO BINARY, 

FIXED LENGTH 91 

3.2.1.18 11 A Sk RG CONVERT BINARY TO BCD, 

FIXED LENGTH 91 

3.2.1.19 12 7 bk HT LOAD BYTE? (T) PER (S), (R) .... 91 

3.2.1.20 13 7 6'* NT STORE BYTE; (T) PER (S) , (R). . . . 91 

3.2.1.21 IV 7 1 NT BIT COMPRESS. ........... 92 

3.2.1.22 15 7 1 NT BIT MERGE .92 

3.2.1.23 16 7 1 NT BIT MASK Sk 

3.2.1.2'» 17 ILLEGAL 95 

3-2.1.25 18 ILLEGAL 95 

3.2.1.26 19 ILLEGAL ..... 95 

3.2.1.27 lA ILLEGAL . 95 

3.2.1.28 iB ILLEGAL 95 

3.2.1.29 IC 7 1 NT FORM REPEATED BIT MASK WITH 

LEADING ZEROS 95 

3.2.1.30 ID 7 1 NT FORM REPEATED BIT MASK WITH 

LEADING ONES. ,96 

3.2.1.31 IE 7 1 NT COUNT LEADING EQUALS 96 



3. 


.1 


.9 


.1. 


6 


3. 


► 1 


.9 


.1. 


7 


3. 


.1 


.9 


.1. 


8 


3. 


.1 


.9 


.1. 


9 


3. 


.1 


.9 


.2 




3. 


.1 


.9, 


.3 




3. 


.1. 


.10 




3. 


.2 








3. 


.2. 








3. 


.2. 




.1 




3. 


.2. 




.2 




3. 


.2- 




.3 




3. 


2- 




,t* 




3. 


2. 




.5 




3. 


2. 




>6 




3. 


2. 




.7 




3. 


2. 




.8 




3. 


2. 




.9 




3. 


2. 




.10 




3. 


2. 




11 




3. 


2. 




12 




3. 


2. 




13 




3. 


2. 




l** 




3. 


2. 




15 




3. 


2. 




16 





{CONTROL DATA I ENGINEERING NO. 3710Q670 

DATE Jan., 1980 

I Corooration I SPECIFICATION PAGE v 
, REV. A 



SUPER COMPUTER; OPERATIONS 

TABLE OF CONTENTS 

' "^ PA5£ 

3.2.1.32 IF 7 1 NT COUNT ONES IN FIELD R, 

COUNT TO (T» 97 

3.2.1.33 20 8 32 BR BRANCH IF (R) EQ (S) 

(32 BIT FP.) .97 

3.2.1.3'f 21 8 32 BR BRANCH IF ( R) NE (S) 

(32 BIT FP.) 97 

3.2.1.35 22 8 32 BR BRANCH IF (R) 6E (S) 

(32 BIT FP.) 97 

3.2.1.36 23 8 32 BR BRANCH IF (R) LT (S) 

(32 BIT FP.) 93 

3.2.1.37 2k 8 6<» BR BRANCH IF (R) EQ (S) 

ISk BIT FP.) 98 

3.2.1.38 25 8 S^f BR BRANCH IF (R) NE (S) 

Ibt* BIT FP.) 98 

3.2.1.39 26 8 Sk BR BRANCH IF (R) GE (S) 

(St* BIT FP.) 98 

3.2.1.'»0 27 8 6t» BR BRANCH IF (R) LT (S) 

(6tf BIT FP.) 98 

3.2.1.'*1 28 7 a NT SCAN EQUAL .98 

3. 2.1.^*2 29 ILLEGAL 99 

3. 2.1. '♦3 2A 6 Sk RG ENTER LENGTH OF (R) WITH 

I (16 BITS) 99 

3.2.1.'*'* 23 W &«♦ RG ADD TO LENGTH FIELD 99 

3.2.1.'»5 2C «♦ Sk RG LOGICAL EXCLUSIVE OR (R),(S), 

TO (T) 99 

3.2.1.'f6 20 k Sk RG LOGICAL AND 

(R),(S), TO (T) 99 

3.2.1.'t7 2E if SI* RG LOGICAL INCLUSIVE OR (R),(S), 

TO (T) 99 

3.2.1.'»a 2F 9 1 BR REGISTER BIT BRANCH AND ALTER . . . IQO 
3.2.1.tf9 30 7 SI* RG SHIFT (R) PER S TO (T) lOO 

3.2.1.50 31 7 St* BR INCREASE(R) AND BRANCH 

IF(R) / lOl 

3.2.1.51 32 9 1 BR BIT BRANCH AND ALTER 101 

3.2.1.52 33 8 1 BR DATA FLAG REGISTER BIT BRANCH 

AND ALTER .102 

3.2.1.53 3^* k SI* RG SHIFT(R) PER (S) TO (T) 103 

3.2.1.5tf 35 7 SI* BR DECREASE (R) AND BRANCH 

IF (R) je iOk 

3.2.1.55 36 7 Sk BR BRANCH AND SET(R)TO NEXT 

INSTRUCTION lO^f 

3.2.1.56 37 A Sk NT TRANSMIT JOB INTEVAL TIMER 

TO (T) 105 

3.2.1.57 38 A 6^ IN TRANSMIT (R BITS (00-15) 

TO T BITS (00-15) 105 

3.2.1.58 39 A Sk NT TRANSMIT REAL-TIME CLOCK 

TO (T). 105 



ICONTROL DATA \ ENGINEERING NO. 37iOQ670 

DATE Jan., 1980 
i Corporation 1 SPECIFICATION PAGE vi 
. pj^y^ ^ 



SUPER COMPUTER OPERATIONS- 



TABLE OF CONTENTS 

£A5£ 

TRANSMIT (R) TO JOB INTEVAL TIMER . 105 
DATA FLAG REGISTER LOAD/STORE . . . 105 
HALF WORD INDEX MULTIPLY (R) ♦( S) 

TO (T) . 106 

INDEX MULTIPLY (R)*(S) TO (T) . . . io6 

ENTER{R) WITH I (16 BITS) 106 

INCREASECR) BY I 116 BITS). .... 106 

ADD U; (R) + (S) TO (T) 107 

ADO L; (R) + (S) TO (T) 107 

ADD N; (R)+(S) to (T) ...... , 107 

ILLEGAL 107 

SUB U; (R)-{S) to (T) 107 

SUB L; {R)-(S) to (T) 107 

SUB N; (R)-(S) to (T) 107 

ILLEGAL . . . .- 107 

MPY U; {R)»{S) to (T) 107 

MPY L; (R)»(S) to (T) 107 

ILLEGAL 107 

MPY S; (R)*(S) to (T) 107 

DIV U; (R)/{S) to (T) 107 

HALF WORD ENTER R WITH 

1(16 BITS). 107 

HALF WORD INCREASE R BY 

1(16 BITS) 107 

DIV S; (R)/(S) TO (T) 108 

truncate; (r) TO (T) loa 

floor; (r) to (T) 108 

ceiling;(r) to (T) i09 

SIGNIFICANT SQUARE ROOT; 

(R) TO (T) 109 

3.2.1.85 51* W 32 RG ADJUST SIGNIFICANCE; 

(R) per (S) to (T) 110 

ADJUST exponent; (R) per (S) 

to (T) 110 

SELECT LINK HI 

ILLEGAL im 

transmit; (r) to (t) nk 

absolute; (r) to (T) iitf 

EXP.; (R) TO CT) lit* 

pack; (r), (s) TO (T) . iitf 

extend; 32 BIT(R) TO 6^ 

BITCT) 115 

3.2.1.9** 5D A B RG INDEX EXTEND; 32 8IT{R) 

TO Sk aiTCT) 115 

load; (T) per (S), (r) ii5 

store; (F) per (S), (r) 115 

add u; (r} + (s) to (T) 116 



3.2.1.59 


3A 


A 


6^ 


NT 


3.2.1.60 


3B 


A 


6k 


BR 


3.2.1.61 


3C 


if 


32 


NT 


3.2.1.62 


30 


h 


6'f 


NT 


3.2.1.63 


3E 


6 


6'f 


IN 


3.2.1.6if 


3F 


6 


6<» 


IN 


3.2.1.65 


'♦O 


h 


32 


RG 


3.2.1.66 


1*1 


h 


32 


RG 


3.2.1.67 


^Z 


h 


32 


RG 


3.2.1.68 


^Z 








3.2.1.69 


i*^ 


h 


32 


RG 


3.2.1.70 


u,S 


h 


32 


RG 


3.2.1.71 


i*h 


h 


32 


RG 


3.2.1.72 


hi 








3.2.1.73 


hQ 


h 


32 


RG 


3. 2.1.7'f 


kS 


h 


32 


RG 


3.2.1.75 


i+A 








3.2.1.76 


ha 


h 


32 


RG 


3.2.1.77 


hC 


k 


32 


RG 


3.2.1.78 


hO 


6 


32 


IN 


3.2.1.79 


kE 


6 


32 


IN 


3.2.1.80 


hF 


h 


32 


RG 


3.2.1.81 


50 


A 


32 


RG 


3.2.1.82 


51 


A 


32 


RG 


3.2.1.83 


52 


A 


32 


RG 


3.2.1.8'» 


53 


A 


32 


RG 



3. 2.1.86 


55 


h 


32 


RG 


3.2.1.87 


56 


7 


32 


NT 


3.2.1,88 


57 








3.2.1.89 


58 


A 


32 


RG 


3.2.1.90 


59 


A 


32 


RG 


3.2.1.91 


5A 


A 


32 


RG 


3-2.1.92 


58 


h 


32 


RG 


3.2.1.93 


5C 


A 


8 


RG 



3.2.1.95 


5E 


7 


32 


NT 


3.2.1.96 


5F 


7 


32 


NT 


3.2.1.97 


60 


1* 


6'* 


RG 



ICONTROL DATA S . ENGINEERING NO. 371QQ670 

DATE Jan., 1980 

: Corporation J SPECIFICATION PAGE vii 
. REV. A 



SUPER COMPUTER OPERATIONS 

TABLE OF CONTENTS 



PAGE 



3.2.1.98 61 I* 6k RG ADD L? (R) + (S) TO (T) , 116 

3.2.1-99 62 k Sk RG ADD N; (R)-KS) TO (T) . 116 

3.2.1.100 63 *♦ &'♦ RG ADO ADDRESS? {R)+<S) TO (T) . . . . 116 

3.2.1.101 6't k bk RG SUB U; (R)-(S) TO (T) Il6 

3.2.1.102 65 I* et* RG SUB L; (R)-(S) TO (T) . 116 

3.2.1.103 66 k Sk RG SUB N; (R)-(S> TO (T) ...... . 116 

3.2.1.10't 67 I* 61* RG SUB ADDRESS; {R)-{S) TO (T) . . . . 116 

3.2.1.105 68 k 61* RG MPY U; <R)*(S) TO (T) 117 

3.2.1.106 69 k 6tt RG MPY L; (R)*<S) TO <T) 117 

3.2.1.107 6A ILLEGAL 117 

3.2.1.108 68 k 6k RG MPY SJ (R)*(S) TO (T) 117 

3.2.1.109 60 k bk RG OIV UJ (R)/(S) TO (T) ...... . 117 

3.2.1.110 60 t* 6k RG INSERT BITS? (R) TO (T) PER (S) . . 117 

3.2.1.111 6E 'f 6^^ RG EXTRACT BITS? (R) TO (T) PER (S). . 118 

3.2.1.112 6F k 6k RG DIV S? (R)/(S) TO (T) 119 

3.2.1.113 7Q A 6k RG TRUNCATE? (R) TO (T) 119 

3.2.1.11'* 71 A 6^ RG FLOOR? (R) TO <T) 120 

3.2.1.115 72 A 6k RG CEILING? CR) TO (T) 120 

3.2.1.116 73 A 6'* RG SIGNIFICANT SQUARE ROOT? (R) 

TO (T) . 121 

3.2.1.117 7k k 6k RG ADJUST SIGNIFICANCE? <R) PER 

(S) TO (T) 121 

3.2.1.118 75 k 6k RG ADJUST EXPONENT? (R) PER 

(S) TO (T) 122 

3.2.1.119 76 A B RG CONTRACT? 6k SIT <R} TO 32 BIT (T). 122 

3.2.1.120 77 A 8 RG ROUNDED CONTRACT? 6^ SIT (R) TO 

32 BIT (T) 123 

3.2.1.121 78 A 6k RG TRANSMIT? (R) TO (T) 12^ 

3.2.1.122 79 A 6k RG ABSOLUTE? (R) TO (T) 12t» 

3.2.1.123 7A A 6k RG EXP.? (R) TO (T) IZk 

3.2.1.12'f 78 k 6k RG PACK? (R), (S) TO (T) 12'f 

3.2.1.125 7C A 6^ RG LENGTH? (R) TO (T> 12'f 

3.2.1.126 70 7 6k NT SWAP? S >T AND R >S .... 125 

3.2.1.127 . 7E 7 6^ NT LOAD? (T) PER (S) , (R) ...... . 125 

3.2.1.128 7F 7 6k NT STORE? (T) PER (S), (R) 125 

3.2.1-129 80 1 E VT ADD U? A+B >C 125 

3.2.1.130 81 1 f VT ADD L? A+8 >C 125 

3.2.1-131 82 1 E VT ADD N? A+8 >C 126 

3.2.1.132 83 1 6'» VT ADO ADDRESS? A+B >C 126 

3.2.1.133 Qk 1 E VT SUB U? A-B >C 126 

3.2.1.13*» 85 1 E VT SUB L? A-B >C 126 

3.2.1.135 86 1 E VT SUB N? A-B >C 126 

3.2.1.136 87 1 6k VT SUB ADDRESS? A-B >C 127 

3.2.1.137 88 1 E VT MPY U? A*B >C .' 127 

3.2.1.138 89 1 E VT MPY L? A*8 >C 127 

3.2.1.139 8A 1 6*1 VT SHIFT? A PER 8 > C 127 

3.2.1.1'»0 88 1 E VT MPY S? A»8 >C 128 



{CONTROL DATA J ENGINEERING NO, 37100670 

DATE Jan., 1930 

S Corporation J SPECIFICATION PAGE viii 
t REV. A 



SUPER COMPUTER OPERATIONS 



TABLE OF CONTENTS 



PA 



S'S-Ll^H 


8C 


1 


E 


VT 


S.Z.l.l'tZ 


80 








3*Z»1*1^Z 


SE 








3.2.1.1'f't 


8F 




E 


VT 


3.2.1.1't5 


90 




E 


VT 


Z.2»1>1'*S 


91 




E 


VT 


3.2.1.1't7 


92 




E 


VT 


3.2.1.148 


93 




E 


VT 


3.2.1.1'*9 


91* 




E 


VT 


3.2.1.150 


95 




E 


VT 


3.2.1.151 


96 




B 


VT 


3.2.1.152 


97 




B 


VT 


3.2.1.153 


98 




E 


VT 


3.2.1.15'» 


99 




E 


VT 


3.2.1.155 


9A 




E 


VT 


3.2.1.156 


98 




E 


VT 


3.2.1.157 


9C 




B 


vr 


3.2.1.158 


90 




E 


VT 


3.2.1.159 


9E 








3.2.1.160 


9F 








3.2.1.161 


AO 


2 


E 


SV 


3.2.1.162 


Al 


2 


E 


SV 


3.2.1*163 


A2 


2 


E 


SV 


3.2.1.16'f 


A3 








3.2.1.165 


At» 


2 


E 


SV 


3.2.1.166 


AS 


2 


E 


SV 


3.2.1.167 


A6 


2 


£ 


SV 


3.2.1.168 


A7 








3.2.1.169 


A8 


2 


£ 


SV 


3.2.1.170 


A9 


2 


E 


SV 


3.2.1.171 


AA 








3.2.1.172 


AB 


2 


E 


SV 


3.2.1.173 


AC 


2 


E 


SV 


3.2.1.17V 


AO 








3.2.1.175 


AE 








3.2.1.176 


AF 


2 


E 


SV 


3.2.1.177 


Bo 


C 


E 


BR 


3.2. 1.178 


Bl 


C 


E 


BR 


3.2.1.179 


B2 


c 


E 


BR 


3.2.1.180 


B3 


C 


E 


BR 



DIV U; A/B >C. , » ^ 128 

ILLEGAL 128 

ILLEGAL 128 

DIV S; A/B >C. ......... 128 

TRUNCATE; A >C .128 

FLOORJA >C 129 

CEILINGJA >C 129 

SIGNIFICANT SQUARE ROOT; 

A >C. 130 

ADJUST significance; 

A PER B >C. 130 

ADJUST exponent; a PER B >C . . 132 

contract; 64 BIT A >32 BIT C. . . 132 

ROUNDED contract; 64 BIT 

A >32 BIT C .....•••.. . 133 

TRANSMIT ;A >C 133 

a8solute;a — >c 133 

EXP.; A >C 133 

PACK;A, B >C 134 

extend; 32 BIT A >64 BIT C. . . . 134 

logical; a, 8 > c 135 

illegal 135 

ILLEGAL 135 

ADD U; A+B — >C. 135 

ADD L; A*B— >C 135 

ADD N; A+8 — >C. 135 

ILLEGAL 135 

SUB U; A-B— >C. 135 

SUB L; A-B~>C 135 

SUB N; A-8— >C 135 

ILLEGAL 135 

MPY U; A»B >C 135 

MPY L; A»8 >C 135 

ILLEGAL ....... 135 

MPY S; A*B >C 135 

DIV U; A/B >C 135 

ILLEGAL 135 

ILLEGAL 135 

OIV S; A/B >C 135 

COMPARE INTEGER, BRANCH IF (A) 

•)■ (X) EQ (Z) 140 

COMPARE INTEGER, BRANCH IF (A) 

+ (X) NE (Z) 140 

COMPARE INTEGER, BRANCH IF (A) 

+ (X) GE (Z) 140 

COMPARE INTEGER, BRANCH IF (A) 

<• (X) LT (Z» lt»0 



ICONTROL DATA : ENGINEERING NO. 37100670 

- DATE Jan., 1980 

J Corporation I SPECIFICATION. PAGE Ix 
, REV. A 



SUPER COMPUTER; OPERATIONS -- 

TABLE OF CONTENTS 



£AjS£ 



E BR COMPARE INTEGER, BRANCH IF (A) 

> (X) LE (Z) . . 1<»0 

E BR COMPARE INTEGER, BRANCH IF (A) 

^- (X) GT (Z) IVO 

NA BR BRANCH TO IMMEDIATE ADDRESS? 

(R)+I(48 BITS). I'te 

E VM TRANSMIT LIST '>INOEXEO C 1^7 

E VM TRANSMIT REVERSE;A >C 1^9 

ILLEGAL .............. 1^9 

E VM TRANSMIT INDEXED LIST >C 150 

E NT MASK.; A, B >C PER Z 152 

E NT compress; A >C PER Z 152 

E NT merge; a, B >C PER Z 153 

ei* IN ENTER (R) WITH KkS BITS) ..... 156 

6i» IN INCREASE (R) BY 1{'*S BITS) 156 

E VM SELECT EQ; A EQ B, ITEM COUNT 

TO (C). 156 

E VM SELECT NE; A NE 8, ITEM COUNT 

TO (C) 156 

E VM SELECT 6E; A GE B, ITEM COUNT 

TO (C). 156 

E VM SELECT LT; A LT 8, ITEM COUNT 

TO (C) .156 

E NT COMPARE EQ; A EQ 8 ORDER 

VECTOR > Z 157 

E NT COMPARE NE; A NE 8 ORDER 

VECTOR > Z . 157 

E NT COMPARE GE; A GE 8 ORDER 

VECTOR > Z 157 

E NT COMPARE LT; A LT B ORDER 

VECTOR > Z 157 

E NT SEARCH EQ; INDEX LIST >C ... 158 

E NT SEARCH NE; INDEX LIST >C . . . 158 

E NT SEARCH GE; INDEX LIST >C ... 158 

E NT SEARCH LT; INDEX LIST >C . . . 158 

6«» NT MASKED BINARY COMPARE; A 

EQ/NE (8) PER (C) 160 

32 IN HALF WORD ENTER (R) WITH 

I(2it BITS) 160 

32 IN HALF WORD INCREASE (R> BY 

I(2'f BITS) 161 

E NT ARITH. COMPRESS; 

A >C PER B 161 

E VM AVERAGE ( A (N) *8( N) ) /2 >C(N). . . 163 

E VM ADJ. MEAN ( A ( N+l ) +A ( N) ) /2t > 

C(N) 163 

3.2.1.211 D2 ILLEGAL iSk 



3.2.1.181 


84 


C 


3.2.1.182 


85 





3.2.1.183 


B& 


5 


3.2.1-184 


87 


1 


3.2.1.185 


88 


1 


3.2.1.186 


89 




3.2.1.187 


8A 


1 


3.2.1.188 


B8 


2 


3.2.1.189 


8C 


2 


3.2.1-190 


80 


2 


3.2.1.191 


BE 


5 


3.2.1.192 


BF 


5 


3.2.1.193 


CO 




3.2.1.19't 


Cl 




3.2.1.195 


C2 




3.2.1-196 


C3 




3.2.1.197 


Ck 




3.2.1-198 


C5 




3.2.1-199 


C6 




3.2.1-200 


C7 




3.2.1.201 


C8 




3.2.1.202 


C9 




3.2-1-203 


CA 




3.2-l-20l^ 


C8 




3.2.1-205 


CC 


3 


3.2.1-206 


CO 


5 


3.2.1.207 


CE 


5 


3.2.1-208 


CF 


1 


3.2.1V209 


00 


1 


3.2.1.210 


Dl 


1 



ICONTROL DATA { 
I Corporation I 



SUPER 



ENGINEERING 
SPECIFICATION 



NO. 37100670 
DATE Jan., l980 
PAGE X 
REV. A 



COMPUTER OPERATIONS 



TABLE OF. CONTENTS 



PAGE 



3.2.1.212 
3.2.1.213 

3.2.1.21<f 
3.2.1.215 
3.2.1.216 
3.2.1.217 

3.2.1.218 

3.2.1.219 

3.2.1.220 

3.2.1.221 

3.2.1.222 

3.2.1.223 

3.2.1.22'* 

3.2.1.225 

3.2.1.226 

3.2.1.227 

3.2.1.228 

3.2.1.229 

3.2.1.230 

3.2.1.231 

3.2.1.232 

3.2.1.233 

3.2.1.23'* 

3.2.1.235 

3.2.1.236 

3.2.1.237 

3.2.1.238 

3.2.1.239 

3.2.1.2<»0 

3.2.1.2'H 

3.2.1.2'*2 

3. 2.1. 21*3 

3.2.1.2'*'* 

3.2.1.2'*5 

3.2.1.2'*6 

3.2.1.2'*7 

3.2.1.2'*8 

3.2.1.2'*9 

3.2.1.250 

3.2.1.251 

3.2.1.252 

3.2.1.253 

3.2.1.25'* 

3.2.1.255 



D3 
0** t 

05 1 
06 
D7 
08 1 



09 

DA 

OB 

OC 

00 

OE 

OF 

EQ 

El 

E2 

E3 

Ek 

E5 

E6 

E7 

E8 

E9 

EA 

EB 

EC 

ED 

EE 

EE 

FO 

Fl 

F2 

F3 

Ft* 

F5 

F6 

F7 

F8 

F9 

FA 

FB 

FC 

FO 

F£ 



1 
1 
1 



3 
3 
3 
3 
3 
3 
3 
3 
3 



E 
E 
E 



1 
1 
1 
1 
1 
1 
1 
1 
8 



VM 



VM 



NT 

NT 

VM 
VM 
VM 



VM 



LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
ST 



ILLEGAL tbk 

AVE» OIFF* (A(N)-B(N))/ 

2— ->C(N). . 164* 

DELTA (A(N<-1>-A(N)) ->C(N>. ... le** 

ILLEGAL 16'* 

ILLEGAL ±Si* 

MAX. OF A TO (C) , ITEM COUNT 

TO (B) ISk 

MIN. OF A TO (C) , ITEM COUNT 

TO (B) 16<* 

SUM (AO+Ai+Az... AN) TO C AND C+1 . . 166 
PRODUCT; (AO. Al, A2...AN) TO C . . 166 
DOT PRODUCT TO (C) AND (C+1). . . . 167 

ILLEGAL 167 

ILLEGAL . 167 

INTERVALJA PER B >C 168 

ILLEGAL 168 

ILLEGAL 168 

ILLEGAL .............. 168 

ILLEGAL ........ 168 

ILLEGAL 168 

ILLEGAL 168 

ILLEGAL 168 

ILLEGAL 168 

ILLEGAL ........ 168 

ILLEGAL 168 

ILLEGAL 168 

ILLEGAL 168 

ILLEGAL 168 

ILLEGAL 168 

ILLEGAL 168 

ILLEGAL 168 

LOGICAL EXCLUSIVE OR A, B >C . . 168 

LOGICAL AND A, B >C . . 169 

LOGICAL INCLUSIVE OR A, 8 >C . . 169 

LOGICAL STROKE A, 8 >C . . 169 

LOGICAL PIERCE A, B >C . . 169 

LOGICAL IMPLICATION A, B >C . . 169 

LOGICAL INHIBIT A, 8 >C . . 169 

LOGICAL EQUIVALENCE A, 8 >C . . 169 

MOVE BYTES LEFT; A >C 169 

ILLEGAL .170 

ILLEGAL . 170 

ILLEGAL 170 

ILLEGAL 170 

ILLEGAL 170 

ILLEGAL 170 



JCONTROL DATA J ENGINEERING NO. 37100670 

DATE Jan.f l980 

I Corporation I SPECIFICATION* PAGE xi 
^ REV. A 

SUPER COMPUTER^ OPERATIONS 



3. 


>2. 


.1. 


.256 


1*. 


>0 






5. 









6. 

6. 




1 







TABLE OF CONTENTS 

' --- PAGE 

FF ILLEGAL .... ^ ........ . i7Q 

TEST REQUIREMENTS (not applicable) 170 

PREPARATION FOR DELIVERY (not applicable) i70 

NOTES 170 

ASCII/E3CDIC Reference Charts. . 170 



:C0NTROL DATA I ENGINEERING NO. 37100670 

DATE Jan.t 1980 

{ Corporation I SPECIFICATION PAGE 1 
< REV. A 



SUPER COMPUTER OPERATIONS 



1.0 SCOPE 

This Is a model Independent CPD speci flcation for 
the CYBER 200 line. Section 2.0 lists specification 
numbers for each model where information that is 
model dependent can be obtained from the functional 
specification. 

This is NOT a reference manual for user's groups. 
This document is written expressly for logic 
designers and diagnostic programmers. 

1.1 Definition of Radix and Power Notation 

FORTRAN notation is used to indicate numbers raised 
to a power. For example, 2 raised to the '+7th power 
would be written 2**'»7. 

The following method Is used to indicate the radix of 
numbers. The number will be followed by a radix 
indicator enclosed in brackets with "8" indicating 
binary or base 2» "D" indicating decimal or base 10, 
and "H" indicating hexadecimal or base 16. 

For example* 

lOOtDl = 6t»[Hl = llOOlOOtB] 



2.0 APPLICABLE DOCUMENTS 

Model 205 - 10358025 Functional Computer 
Sped f ication 

- 10358026 Timing Specification 

3.0 PERFORMANCE REQUIREMENTS 

3.1 General Description 
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3.1.1 



Instruction Formats and Types 



3.1.1.1 Instruction Formats - all fields are 8 bits unless 
otherwise specified. 



3.1«1»1.1 Format i 




G : X ! A I Y ! B ! Z 
Sub- Soffset! len.i SoffsetMen. ^ ICV. 
Function; for A S base Sfor B {base Sbase 

; laddressl J address 5 address 



C f 
I en. & 
base 
address 



3.1.1.1.2 



Format 2 



F : G J X 

Function? Sub- 10. V. 
J Func t ion 5 I en. 
! .'base 



X 



J„ 



S A I Y : B 
• base i O.V. I base 
i I address ! i en. iJaddress 
I i base i 



± 



1. 



Z 

O.V. 
I en. 
base 



Jresu I t 
S^i ten. 1 
ibase 

! 



3»1»1.1.3 Format 3 



IF 1 G 1 X 1 A 


1 


Y 1 8 


1 


Z { C 1 


• Functionl Sub- 1 index 1 len. 


S.I 


index: 1 en. 


11 


index • len. S,i 


J 1 Funct ion t for A J base 


1 

• 


for 81 base 


1 


for C { base ! 


; 1 t I 


1 


1 


t 
1 


i : 



S-LLl.** 



Format k 



I FIR 
I function J source 

I II 
i I 



I S I T I 

Isource I desti- I 

I 2 I nation I 

J S L 



3.1.1.1.5 



Format 5 



F I R I 

Function I desti- I 

I nat i on I 

J 1. 



Ikd 
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3.1.1.1.6 Format 6 

I F } R ! I 

SFunctionl Oesti- I 116 t 

I J nation J J 

t I • • 

J ! ! t 



3.1.1.1.7 



Format 7 



s F : 


R 


• 
1 


s 


• 

• 




T 


1 


1 Function I 


♦ 


1 


♦ 


} 


♦ 




} 


I t 




1 




I 






! 


\ . \ 




L - 




t 

.. _ ! . 






1 



3.1.1.1.8 



Format 8 



IF I R 
Function {Register 
I 



s : T 1 

Registers base t 
I address I 



3.1.1.1.9 Format 9 



! F I G 
{Function { Sub- 
l « Func t ion 
I } 



S 

* 



T 

* 



3.1.1.1.10 Format A 



! F J R J 

•Function JReglsterl 

■ I * 

• * I 



♦ ♦ 



J T f 

I Register 1 
: } 

J L 



Described where used 



3.1.1.1.11 Format 3 



J F 

I Function 

J 



i G i i 

! Sub- !**l 

! Function I 8 
« I • 

-! L__J.. 



J T 

S base 

! address 



♦♦ Unused areas must be 
cleared to zeros 
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3.1.1»1.12 Format C 



J F 1 G tXJAIYI B JZJCJ 

SFunctlonl Sub- SReg- S Reg-r I Index! Base 1 Reg- !Reg- 1 
J :Function ! ister J isterl J Address ! ister! Ister I 



3.1.1.2 



Instruction Types 



3.1.1.2.1 Register Instructions (RG) 

In the register instructions, all operand sources 
and alt result destinations are registers. R, S, 
and T each designate the contents of one of 255 
registers. 

A register may be used to hold one or both source 
operands as well as the result. Special caseJ if 
register OQ is designated as a source or result 
register, see A. 2 Section 3.1.7. 

Unless stated differently in the instruction 
description in all register-to-register operations, 
the contents of the source registers are unchanged 
and the destination register is cleared before the 
result is transferred into it. 



3.1.1.2.2 



3.1.1.2.3 



Index Instructions (IN) 

The index instructions are used primarily in 
performing numerical calculations on field lengths 
and addresses. 

The term, rep I ^ ce i means replace only the specified 
bits. The phrase, replace the right-most ^-8 bit ^ ..., 
implies that the left-most i6 bits are not altered. 

Branch Instructions (BR) 

Branch conditions may be determined by examining 
single bits, a 2'»-bit or i+S-bit integers, 32-bit or 
p.ii.-hii- intonfirx;- "?7-bit floating polnt operands or 

operands. A special branch is 
' ' "' Hon it or program. Ail 



6^-bit integers, 32-bit floatin 
e't-bit floating point operands, 
provided to enter and leave the 



item counts in branch Instructions are in half-words. 
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S.l.l.Z.f* Vector Instructions (VT) 

The vector instructions perf'orft operations on ordered 
sea I ars . 



Referring to format 1 under section 3.1.1.1. 1» 
vector instruction designators are defined as 

foil OHS i 



the 



F 
G 
X,Y 



A,B 



C + 1 



eight-bit instruction code 

eight-bit sub-operation code 

eight-bit designators* each specifying 
one of 256 registers holding address 
offsets for the source operand 
f ie I ds. 

eight-bit designators, each specifying 
one of 256 registers holding base 
addresses and field lengths of the 
source operand fields. 



eight-bit designator specifying one 
256 registers holding the base 
address of the control vector. 



of 



eight-bit designator specifying one of 
256 registers holding the base 
address and the field length of the 
destination field. If C*i is used by 
the instruction, C must be even, 
since C<-1 is formed by using the 
left-most seven bits of the C 
designator and forcing the right- 
most bit to a one. If C+l is used 
and C is odd, the reference to C and 
C*-l is undefined. 

eight-bit designator specifying a 
register which holds the offset for 
both the control vector and the 
destination field. C»1 alwav? 
references an odd register. See the 
preceding paragraph. Note that the 
usage of C+l is dependent uoon bit 
2 of the G designator. 



( Cont inued) 



{CONTROL DATA \ 
I Corporation I 



engineering 
specification' 



NO. 37100670 
DATE Jan., 1930 
PAGE 6 
REV. A 



SUPER COMPUTER. OPERATIONS 



S-LLZ.** (Cont'd) 

The bits of the G field (num'bef-ed from left to right 
as are all fields) are interpreted as follows* 



J Bit Nq. 

5 


1 t 


DescrlDtlon J 


: 


: Q i 


6^-bit operands (words) S 


! 


1 , . 1 5 


32-blt operands (half-words) 5 


5 1 


! i 


♦control vector operates on binary ones • 


■ 
1 


I J_ ! 


♦control vector ooerates on binary zeros • 


{ 2 

I 
« 


! i 


do not offset destination field and • 
controlvector I 


1 

I 

1 


J 1 { 


offset destination field and control 1 
vector { 


I 3 


! : 


normal source stream A J 


• 


I 1 ! 


♦♦broadcast reoeated (A) 1 


{ tt 


: 


normal source stream B ! 


* 


1 1 


♦♦broadcast reoeated (b) J 


i 5 




These bits are used for sign control for ! 


i 6 




some of the Vector and Vector Macro • 


5 7 1 




instructions. See Section 3.1«'t.9 for J 


« i 
• 1 




a description of the use of these bits J 


! i 




for sign control. The G bit charts in ! 


: : 




the Table of Contents provide a quick I 


i : 




reference to which instructions provide! 


: ; 




this feature. • 


1 1 

' ._., 1 







♦If the eight-bit designator Z is zero, no control 
vector is used* so bit l of G is undefined. 

♦♦If bit 3 and/or ^f of G is a 1, then either the A 
and/or B source field is a constant used as each 
element of the respective vector stream and the 
associated offsets are ignored. These constants are 
found in the registers specified by A and 8t 
respectively. If bit 3 and/or tfr i s a one and bit of 
G is a one, register A and/or 8 is a 32-bit register. 
The result of broadcasting both repeated constants A 
and B is undefined for instructions which do not 
terminate due to filling the result field, i.e., the 
Select instructions, CQ» Cl, C2 ♦ and C3» 
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3. 1.1. 2. 't (cont'd) 

The base address (Mhich defines the location of the 
first operand of vector) and the vector field lengths 
are obtained in the manner shown below. 

The registers addressed by A and X contain the 
f o M ow ing J 



A or B ! Field Length 1 



X or Y 



Base Address 



Not Used 



32 sign bits 
f or the offset 



of fset 



bit 



15 16 



kl «t8 



63 



If the offset does not contain 32 leading sign bits* 
the instruction is undefined. 

The portion of the vector which would be included in 
vector stream A is as followsJ 



!< 



Field Length- 



Not Used 



Portion Used 



^ 
I 

Base Address 

J 

.< 

I 



•Offset' 



Base Address 

♦ Offset 
> j< 

J 



Vector A 



The operation of subtracting the offset from the 
field length must result In a vector length which 
is positive and less than (2**16) in magnitude. If 
the resulting vector length is not positive and less 
than (2**16) in magnitude, it will be treated as a 
zero vector length. 
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3. 1.1. 2. 't (cont'd) 

The register addressed by C contains the following: 



I 

I Field Length 1 

I JL 



Base Address 



bit 



15 16 



63 



If vector C is specified as having an offset (bit 2 
of the G designator is a one), register C+1 contains 
the of f se t . 



C+1 1 Not Used 

I 

bit 



I 32 sign bits for 
{ the offset 



15 16 



J offset 



1*7 ka 



63 



If C+1 is used in the execution of an instruction, C 
should be specified as an even register. If C is 
odd, the reference to C and C+l is undefined. 

Control Vector 

When control vectors are specified (Z designator 
/ 0), a single unique bit from the control vector 
is associated with the storing of each result 
element in the output field and the setting of the 
data flag for that result. When a bit within a 
control vector prohibits the storing of a result 
element, the previous contents of the associated 
result vector element are not altered nor is the 
data flag register modified. The nth bit read from 
the control vector prohibits or allows the storing 
of the nth result into the result vector. Bit one of 
the G designator selects whether a zero or a one 
control vector bit allows the storing of a result. 
If bit one of the G designator is a zero/one, store 
the nth result if the nth bit of the control vector 
was a one/zero, respectively. 
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3. 1.1.2.^ 



(Cont'd) 

Registers Z and C+l contain the following information 
relating to the control vector: 



(Z) 



Not Used 



Base Address 



(C+1) 

bit 



Not Used 



32 sign bits 
for the of f set 



offset 



15 16 



i*7 tt8 



63 



Control vector Z uses the same field length as result 
vector C. 

The starting address of the control vector is 
obtained by adding the offset and the base address. 

Since offsets are item counts* the same offset is 
used for both the result vector and for the control 
vector. The offset indicates a bit offset when used 
with the control vector. 



3.1.1.2.5 Vector Macro Instructions (VM) 

Vector macro instructions perform in much the same 
manner as vector instructions. 

Some vector macro instructions do not form result 
vectors but store their result in one or two 
registers which are specified by the instructions. 
F<?r these I nstruction^ , the control vector has 
neither length nor offset and controls the use of 
element(s) of the source vector(s); also, bit 2 of 
the G field is undefined and must be set to zero. 
Note that C and C+i designate 32-bit registers when 
bit of the G designator specifies 32-bit operands. 

For the other vector macro instructions (those having 
result vectors), the control vector has the same 
connotation as in vector instructions. The B7 and 3A 
instructions do not use control vectors. 



ICONTROL DATA J 
{ Corooration ! 



SUPER 



ENGINEERING 
SPECIFICATION 



COMPUTER 



NO. 37100670 
DATE Jan.t 1930 
PAGE 10 
REV. A 



OPERATIONS 



3.1.1.2.6 Sparse Vector Instructions (SV) 

Due to arithmetic reduction*' many elements of a 
vector may be reduced to zero? therefore» except for 
their positional significance, they need not ba 
carried along as floating point numbers. In order to 
conserve both storage space and calculating time, a 
group of instructions make possible the expansion and 
compression of vectors of this type; i.e., sparse 
vectors. 

A sparse vector consists of a vector pair, one of 
which is a bit string, identified as the order vector, 
and the other is a floating point array identified as 
the data vector. 

A sparse vector is typically formed by first using 
the Compare instructions to generae an order vector. 
A normal vector with "near zero" elements in it is 
then reduced to a sparse vector with the Compress 
instruction. The Compress uses the generated order 
vector as a means to throw out all "near zero" 
elements. See the instruction descriptions for 3C, 
Cf, C5, C6 and C7. BC is the Compress and Cif-C7 are 
Compare instructions. 

A sparse data vector, being simply an ordered set of 
floating point scalars, is indistinguishable in' 
format from any other vector. However, a sparse data 
vector has an associated sparse order vector which 
determines the positional significance of the 
elements of the sparse data vector. For example, a 
sparse data vector A and its associated sparse order 
vector X may be represented as follows: 



Inearia I a InearJnearl a I a {near I Original 

Izerol 1 I 2 JzerolzeroS 3 5 k ! zero t Vector 

/ 

I i a I a ! a : a : Data Vector A 

I J 1 J 2 I 3 I tf J 

J 

Sparse / a a a a 
Vector \ I J } J 

J 

I !0l mi O! OiU liQJ Order Vector X 

t .__ : 

\ 

(cent inued) 
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3.1.1.2.6 (Cont'd) 

The sub-operation code and eight-bit designators have 
the fof lowing meanings for sparse vector instructions 
(see Section 3.1.1.1.2 for sparse vector format): 



F 
G 



eight-bit instruction code 
eight-bit sub-operation code - bit 
the G field is used in this set of 
instructions as follows: 



of 





1 



Interpretat I on 
S^t-b i t operands 
32-bit operands 



Bits 5, 6 and 7 of the G field are used for sign 
control. See Section S.l.'f.S for descriptions of the 
use of these bits with the above instructions. 



G bits 1 and 2 are used to select the logical 
operation to be performed on the order vectors X and 
Y to form order vector Z. Bits 3 and/or k of the G 
field* when set to one» are used to broadcast A 
and/or 3t respectively. 

A, a - eight-bit designators, each specifying one of 
the 256 registers holding the base address of 
a source sparse data vector. 

X,Y - eight-bit designators, each specifying one of 
the 256 registers containing the base address 
and the field length of the source sparse order 
vectors associated with source sparse data 
vectors A and B, respectively. 

C - eight-bit designator specifying one of the 256 
registers containing the base address of the 
result sparse data vector. 

Z - eight-bit designator specifying one of the Z56 
registers containing the base address and the 
field length of the result sparse order vector 
associated with result sparse data vector C. 

C cont inued) 
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(A),(B) 

or (C) S Not Used* J Base Address J 

15 i6 63 

(X), (Y) 

or (Z) ! Field Length J Base Address J 

15 16 63 

* At the completion of these instructions, the 
length of the resulting sparse data vector 
is placed in the left-most i6 bits of 
register C. 

Neither offsetting nor indexing is performed by 
"the sparse vector instructions. The field 
lengths associated with source sparse data 
vectors A and 8 are not used. These lengths 
are determined by the number of ones in their 
sparse order vectors. The field lengths of the 
source sparse order vectors X and Y and the 
result sparse order vector Z are item counts 
in bits. 



3.1.1,2.7 String Instructions (ST) 

The string instructions perform manipulations on 
strings of eight-bit bytes. 

Instruction Format 

The string instructions use Format 3 (see Section 
3.1.1.1.3) . 

F - eight-bit instruction code 

G - eight-bits unused 

X,Y,Z 

A,B,C - eight-bit register designators? the registers 

contain addressing information for the fields 

to be used. 

(cont inued) 
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(Cont'd) 



(A) , (B) t I 
8. (C) ! 



Field Length 



Base Address 



(X) ,(Y) , 
i CZ) 



bit 



Not Used 



15 16 



Index 



63 



If any of the eight-bit designators, X, Y, or Z, are 
set to zero, indexing is not used for that stream and 
the address of the initial byte is obtained from the 
base address. 



•Field Length- 



Not Used 



Data hield Used 



Base Address 



A 
I 

Base Address 
+ Index 



•Index- 



•>l 



Note that the length of the data field used is the 
same as the field length found in the register 
containing the base address. Indexing does not 
affect the field length used whereas offsetting does 
(see offsetting in vectors 3» 1» i 'Z*'*) The string 
instructions do not have offsetting and the vector 
instructions do not have indexing. 



3.1.1.2.8 Logical String (LS) 



The LS (logical string) instructions have indices and 
fields identical to those of the ST (string) 
instructions except that the item counts and indices 
are in bits instead of bytes. The LS operations are 
performed as bit operations on bit boundaries nhile 
the ST operations are performed as byte operations 
on byte boundaries. 
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3.1.1.2.9 Monitor Instructions (MN) 

Monitor instructions perform as described only when 
in Monitor Mode. When not in Monitor Mode* the 
Monitor instructions perform as an illegal 
instruction would (see Section 3.1»'t.2»2). 



3.1.1.2.10 Non-Typical Instruction (NT) 

The fomat and operation of these instructions are 
completely described under the individual instruction 
write-ups. 



3.1.2 Operand Size Definition and Addressing 

The following operand definitions are implied 
throughout the specification. 

Word - A 64-bit quantity, the address of the 

left-most bit always being a multiple of 
64 base 10. 

Half-word - A 32-bit quantity, the address of the 

left-most bit always being a multiple of 
32 base 10. 

3yte - An 8-bit quantity, the address of the 

left-most bit always being a multiple of 
8 base 10. 

Groups of bits in an address should be thought of as 
addressing various units of storage as illustrated 
in the chart below. 



( cont inued) 
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16- 



bit pos i t ion 
in a register 
or an in- 
struct i on 
word 



\ \ 

--\ \ 



•> 57 58 59 60 6l 62 63 

: i : I i i 



J 
J 

<--Address of Word >} 

<--Address of Half-Word 

< Address of Byte 

< Address of Bit 



J 



>\ 



Within 3 word, bits, bytes, and half-words are always 
numbered from left to right. The lowest addressed 
bit, byte, or half-word is aJways the left-most bit, 
byte, or half word in the word. 

AM addres s es are 48-bit quantitie s and contain 
enough information to reference a specific bit. 
Depending on the usage of an address, a certain 
number of the right-most bits in the address are 
ignored. For example, if a byte is being read, the 
right-most three bits of the address being used to 
reference it are ignored. Depending on the 
instruction, operands are counted on a bit, byte, 
half-word or word basis. 



I 



•half-word Q >S< half-word i- 

I 



! I : : 1 > > i : 

Sbyte 0! byte 15 byte 2 !byte 3 Jbyte ^tlbyte 5!byte 6Sbyte 7! 



bit 



7 8 



15 16 



23 Zk 



31 32 39 kQ k7 i*8 55 56 53 



The above figure illustrates the relative location of 
each bit, byte and half-word within a 6£f-bit word. 



(Continued) 



{CONTROL DATA I 
• Corporation I 



SUPER 



ENGINEERING 
SPECIFICATION 



COMPUTER 



NO. 37100670 
DATE Jan., 1930 
PAGE 16 
REV. A 



OPERATIONS 



3.1.2 



(Cont'd) 

If It is necessary to add addresses and item counts 
(indices or offsets), the item count is shifted left 
end off until it is properly aligned with the 
address. Binary zeros are attached to the right end 
of the quantity being shifted. 

The result of the addition always addresses a 
quantity having the same unit as the item count, for 
instance, if a byte count is added to any address, 
the result references a byte. This means that the 
right-most three bits of the address will be ignored. 
The following chart summarizes the process of adding 
an item count to an address and shows which bits are 
ignored in the resulting address. 



16 



57 58 59 60 61 62 63 



Base Address- 



•>; 



16 



A, words 

item 
counts 
( indices 
or of f- ! B. ha I f- 
sets) / words 
\ 

fl 
I 

!C. bytes 

t 
t 

J 

I 

JD. bits 
\ 



*♦ 



22 
5 words 



63 



01 Q 
J 



16 



♦ ♦ 



21 

I ha I f -words 
16 19 
!*♦: bytes 

16 

Jbits 



63i 




63 



Q 







t 
63 



(continued) 
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resul t- 
ant 

address- 
es 



A. Hords 



8. half- 
words 

C. bytes 



0. bits 



16 
J 



1 

5 < 






I < 



57 58 59 60 61 62 63 



i i 2 : i : i 



: : \ 

Bits used-> <-- * -- 

> : i 



J 



Bits used > < * -> 

t • 

• t 

I 

Bits used > <- ♦ -> I 



•Bi ts usad- 



♦ These bits In the resultant address are ignored. 



♦♦ These bits in the index or offset are shifted off 
enter the address calculation. 



and do not 



The registers associated with any job or the monitor 
reside in the first 256 6i+-blt words of its 
associated virtual space or absolute memory, 
resoec t ive I y . References to these portions of memory 
will cause the instruction to be treated as illegal 
in either monitor or Job mode. The only exceptions to 
this rule are the 87 and BA instructions with G-bit 7 
set. In this case the output vector C (for the S7 
instruction) or the input vector 8 (for the 8A 
instruction) must be contained in bit addresses 
through 3FFF. 

Instructions are addressed on full word and half-word 
boundaries. The instruction address counter will, 
therefore, be incremented by a half-word after 
executing a 32-bit instruction and by a full word 
after executing a e'f-blt instruction. This allows 
instructions to be packed contiguously in storage. 
The following chart illustrates the various ways 
instructions may be packed within 6^-bit words. 



( cont inued ) 
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bi t position 
Q 



31 32 



63 



32-bit inst, 



6'f-bit inst. upper 



6'»-bi t inst . I ower 
6'»-b it inst. I ower 



6'+-bit inst. upper 
32-bit inst. 



6'f-bit instruction 



32-bit inst 



32-bit inst 



3.1.3 



Note that a branch is possible to any of the 
instructions. The tower 5 bits in any branch ad cress 
will always be interpreted as zeros. 

Termination Rules 

For instructions which terminate upon exhausting the 
I ^nqth of a data field, data string or vector: if 
that item is exhausted prior to the first operand 
fetch, the instruction becomes a no oo, no data is 
fetched and no data flags are altered. 

1. Exhausting a vector which has an offset. 

A vector is deemed exhausted prior to the first 
operanG fetch if the result of subtracting the 
offset from the field length is zero or negative. 

For cases of zero field length, the resulting 
vector length used is the right-most 16 bits of 
the two's complement of the offset. If this 
i6-bit quantity is zero or negative, the vector 
is deemed exhausted prior to the first operand 
fetch. 

A vector Is exhausted when the result of 
subtracting both the offset and the number of 
operands encountered thus far ... from the field 
length zero. 



( cent i nued) 
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3. 1.3.1 



3.1.3.2 



(Cont'd) 

2. Exhausting a vector which has no offset and 
exhausting other data fields or data strings. 

The strlngt field or vector is deemed exhausted 
prior to the first operand fetch if its length 
is zero or if the result of subtracting the 
offset from the field length is zero or negative. 
These strings* fields and vectors are exhausted 
when the result of subtracting the number of 
elements encountered thus far from the field 
length is zero. 

Vector Instruction Termination 

Vector instructions terminate when the result vector* 
vector C» is exhausted. Source vectors which are 
exhausted before the result vector is exhausted are 
extended, as required, with machine zeros in additive 
operations or normalized ones in multiplication or 
division operations. 

Vector Macro Instruction Termination 



Vector macro instructions with 
opposed to result registers) ex 
fields with machine zeros or no 
terminate in a fashion identica 
instructions. The B7 and 8A ins 
extension and terminate upon ex 
field. The other vector macro i 
extend short source fields, but 
when either source field is exh 
macro instructions of this type 
instructions C0» Cl, C2 C3, and 
source fields cause an undeflne 



resul t fields (as 
tend short source 
rmalized ones and 
I to the vector 
tructions do not use 
haustion of the index 
nstructions do not 

instead, terminate 
austed. For vector 
, i.e., the Select 

DC broadcasting both 
d condition to exist. 



3.1.3.3 Sparse Vector Instruction Termination 



Sparse vector instructions terminate when order 
vector Z (the result order vector) is exhausted. If 
the Z designator is zero or if the Z length is zero, 
no data flags are set and the instruction is a no op. 
Zero length or short source order vectors are 
extended, as required, with zero bits. If order 
vector Z has a non-zero length and the C designator 
is zero, the results of the Instruction are 
undefined and an illegal operand will occur if a 
store into C vector is required. 
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3.1.3.^ String Instruction Termination 

String instructions terminate Rihen the result string 
C is exhausted* source strings that are shorted than 
the result string C are extended with zeros unless 
otherwise specified. 



3.1.3.5 Tables of Termination/Instruction Type/Field Type 

M-Zero = Machine Zero, 

N-One = Normalized One 

No-Oo = No Operation 

NA = Not AppI icable 

I = Input 

= Output 



String Instruction Terminating Conditions 



Instruction 


A field il> 


C Field (0) 1 


Cod« 


liesult if 
A riald is 
exhausted 


Type of 
e xtansion 
if any 


A field 

length init- 
ially zero 


Result if 
C fisla is 
exhausted 


C Field 

length init- 
ially zero 


F» 


Extend 


B design- 
ator Byte 


Extend 


Terminate 


No-op 



Logical String Instruction Terminating Conditions 



Instruction 
Code 


A Field {I> 


B Field {I> 


C Field {0> 


Result if 
A field is 
exhausted 


Type of 
extension 
if any 


A field 
length init- 
ially zero 


Result if 
B field is 
exhausted 


Type of 
extension 
if any 


B field 
length init- 
ially zero 


Result if 
C field is 
exhausted 


C field 
length init- 
ially zero 


Ffl-,fl,FS 
F3,FM,FS 
FU-.F7 


Extend 


Jero 

Bits 


Extend 


Extend 


Zero Extend 

Bits 


Terminate 


No-Op 

J 



Sparse Vector Instruction Terminating Conditions 



Instruction 
Coda 


A Field {I> 


S Field <.!> 


C Field -CO} 


Result if 
A/X field is 

exhausted 


Type of 
extension 
if any 


A/X field 
length init- 
ially zero 


Result if 
B/Y field is 
exhausted 


Type of B/Y field 
extension length init- 
if any ially zero 


Result if 
C/Z field is 

s xhaus ted 


C/Z field 
length init- 
ially zero 


Aa,Ai,Ae 

AM-iAS^AI, 
Aa,A1<AB 
ACAF 


NA 


NA i NA 


NA 


NA NA 


NA 


NA 


X fi.la m i f Field <I> 


Z Field iO> 1 


Extend 


Zero 

Bits 


Extend 


Extend 


Zero 
Bits 


Lxtend 


Terminate 


No-op 
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VECTOR INSTRUCTION T ERMINATING^COND ITIONS 





-. 


- ■ - - 


- • - 












... _, 


Instruction 
Code 


A Field {I> 


B Field <I> 


C Field {0> 

1 1 


Result if 
A field is 

exhausted 


Type of 
extension 
if any 


A field 
length init- 
ially zero 


Result if 
B field is 
exhausted 


Type of 
extension 
if any 


B field 
length init- 
ially zero 


Result if 
C field is 
exhausted 


C field 

length init- 
ially zero 


Control 
Vector 


80, 81, 82 
83, 84, 85 
85, a? SA 


Extend 


M-Zero 


Extend 


Extend 


M- Zero 


Extend 


Terminate 


No- Op 


Yes 


88, 89, 8B 
8C & 8F 


Extend 


X-One 


Extend 


Extend 


N-One 


Extend 


Terminate 


No- Op 


Yes 


90, 91, 92 
& 93 


Extend 


M-Zero 


Extend 


NA 


NA 


NA 


Terminate 


No- Op 


Yes 


94 & 95 


Extend 


M-Zero 


Extend 


Extend 


M-Zero 


Extend 


Terminate 


No- Op 


Yes 


96, 97, 98 

99 i 9A 


Extend 


M-Zero 


Extend 


NA 


NA 


NA 


Terminate 


No- Op 


Yes 


9Bg 15 


Extend 


M-Zero 


Extend 


Extend 


M-Zero 


Extend 


Terminate 


No- Op 


Yes 


9C 


Extend 


M-Zero 


Extend 


NA 


NA 


NA 


Term.inate 


No- Op 


Yes 



VECTOR MACRO INSTRUCTION TERMINATING CONDITIONS 



Instruction 
Code 


A Field {I> 


B Field {!> 


C Field <0> 


Result if 
A field is 
exhausted 


Type of 
extension 
if any 


A field 
length init- 
ially zero 


Result if 
B field is 
exhausted 


Type of B field 
extension length init- 
if any ially zero 


Result if 
C field is 
exhausted 


C field 

length init- 
ially zero 


Control 

Vector 


B7 


Terminate 


NA 


No- Op 


NA 


NA 


NA 


NA 


NA 


No 


B8 


Extend 


M-Zero 


Extend 


NA 


NA 


.NA 


Terminate 


No-Op 


Yes(O) 


BA 


Terminate 


NA 


No-Op 


NA 


NA 


NA 


NA 


NA 


No 


CO, CI. C2 
ii C3 


Terminate 

s 


NA 


No- Op 

< 


Terminate 


NA 


No-Op 


NA 


NA 


Yes (I) 


DO & D4 


Extend 


M-Zero 


Extend 


Extend 


M-Zero 


Extend 


Terminate 


No-Op 


Yes (0) 


Dl t D3' 


Extend 


M- Zero 


Extend 


NA 


NA 


NA 


Terminate 


No-Op 


Yes(O) 


DA k DB 


Terminate 


NA 


No-Op 


NA 


NA 


NA ' 


NA 


NA 


Yes (I) 


DC 


Terminate 


NA 


No-Op 


Terminate 


NA 


No-Op 


NA NA 


Yes (I) 


DE 


Extend 


N-One 


Extend 


Exit Loop 


NA 


No- Op 


Terminate 


No-Op 


Yes (0) 


DF 


NA 


NA 


NA 


NA 


NA 


NA 


Terminate 


No-Op 


Yes (0) 



*These instructions may teminate for reasons other 
than the exhausting of field length. 
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TERMINATING CONDITIONS FOR NONTYPICAt {32-aiT FORMAT) 
INSTRUCTIONS HAVING MULTIPLE OPERANDS 



Instruction 
Code 


R Field <I> 


S 


Field <I> 


T F 


ield {0> 


Result if 
R Field is 

exhausted 


R Field 

length init- 
ially zero 


Result if 
S Field is 

exhausted 


S Field 
length init- 
ially zero 


Result if 
T Field is 
exhausted 


T Field 
length init- 
ially zero 


14 


Exit Loop 


.No- Op 


Exit Loop 


Zero R bits 
Skinned 


Terminate 


No-Op 


15 & 16 


Exit Loop 


No- Op 


Exit Loop 


No- Op 


Terminate 


No-Op 


17 


NA 


No- Op 


NA 


No-Op 


NA 


.No-Op 


18, lA & IB 


NA 


NA 


NA 


NA 


Terminate 


:;o-Op 


19 


NA 


NA 


NA 


NA 


Terminate* 


No-Op 


IC & ID 


Exit Loop 


String of all 
I's 


Exit Loop 


No-Op 


Terminate 


No-Op 


IE 


Terminate* 


No-Op 


NA 


NA 


NA 


NA 


IF 


Terniinate 


No- Op 


NA 


NA 


NA 


NA 


28 


NA 


NA 


NA 


NA 


Terminate* 


No-Op 


7D 


Terminate 
data Trans- 
fer to Reg 
file. 


No Data 
Transfer to 
Reg file 


NA 


NA 


Terminate 
data Trans- 
fer from 
Peg file 


No Data 
Transfer 
from Reg. 
file 



* These instructions may terminate for reasons other than the exhausting of the field length. 



NONTYPICAL (e^t-SIT FORMAT) INSTRUCTION TERMINATING CONDITIONS 



Instruction 
Code 

■ 


A Field -Cn 


B Field <!> 


Z Field -CO 


Result if 
A field is 
exhausted 


Type of 
extension 
if any 


A field 
length init- 
ially zero 


Result if 
B field is 
exhausted 


Type of 
extension 
if any 


B field 
length init- 
ially zero 


Result if 
Z field is 
exhausted 


Z field 

length init- 
ially zero 


Control 
Vector 


89 


NA 


NA 


NA 


NA 


NA 


NA 


.NA 


NA 


No 


BB. BC 
& BD 


NA 


NA 


NA 


NA 

* 


NA 


NA 


Terminate 
<I> 


No-Op 


No 


C4, C5, 
C6 & C7 


Extend 


M-Zero 


Extend 


Extend 


M-Zero 


Extend 


Terminate 
{0> 


No-Op 
{0> 


No 


ca, 09 

CA. CB 


Terminate 


NA 


No-Op 


Exit Search 
Iteration 


NA 


Exit Search 
Iteration 


NA 


NA 


Yes(O) 


CC 


Terminate 


NA 


NO-OP 


NA 


NA 


NA 


NA 


NA 


No 


CF 


Terminate 


NA 


No-Op 


Extend 


M-Zero 


Extend 


NA 


NA 


No 


D8&D9 


Terminate 


NA 


No-Op 


NA 


NA 


NA 


NA 


NA Yes (I) 
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Definitions and Rules 



3.1.'f*l Overlao of Operand and Result Fields 

If the result field overlaps a source field such that 
elements of the result are stored in the source field 
before elements in this portion of the source field 
are read, u ndefined results msv occur . That is, the 
source elements may be the original elements or they 
may be the newly-stored elements. The instruction's 
results may become undefined. Note that some specific 
instructions prohibit any overlap of source and 
destination fields. This restriction is included in 
the appropriate instruction descriptions. 



3.1.'+. 2 Self-Modifying Programs, Undefined Instructions and 
Undefined Operands 



3.1. if. 2.1 Self-Modifying Programs 

As a general rule, se I f -modi f yi ng programs are not 
allowed. For further details and limitations see 
the individual model specification listed under 
section 2.0. 

Programmer notei The o5 instruction "void stacK and 
branch" should be used to ensure proper execution 
when utilizing self-modifying code. 



3.1. if. 2. 2 Illegal Instructions 



An instruction with an unused function code is 
termed an illegal instruction and causes the 
f o I I ow i ng » 

A. If in Monitor Mode, an automatic branch to the 
address specified by the contents of absolute 
register k is executed. 

B. If in Job Mode, an exchange to Monitor Mode is 
performed with execution beginning at the address 
specified by the contents of absolute register 3. 

C. Any reference to the monitor or Job's register 
file via an absolute or virtual bit address will 
be treated as if an illegal instruction hac been 
oer f ornied . 
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Undefined Instructions 

The Instructions with a defined F code but which 
either have undefined bits set or specify an 
undefined operation cause undefined results. Note, 
that in Job Mode, the key- I ock- virtua I storage 
roechanisra cannot be overcome even by an undefined 
instruction. Thus the only storage areas which can 
affected are the pages assigned to the current Job 
for which the write lockout bits are not set. Of 
course, in Monitor Mode no such memory protection 
ex i sts . 



be 



3.1.^.2.5 



No op Instructions 

The instructions that are defined as Mo op 
instructions do not fetch data and do not alter data 
f I ags. 



3.1.'+.3 



Floating Point Format 
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3.1.^.3.1 32-Blt Floating Point Format 



-- bit Ot exponent sign bit ^, 
I 

}l 

i } 

i : 

i 1 

* exponent binary point 



I 



} 



J — bit 8, coefficient sign bit 



8-bit signed 1 
exponent J 



Z'+'bit signed 
coe f f ic ient 



* coe f . 

31 I binary 
Doint 
I 



bit 



7 8 



31 



32-bit floating point number 

There are two 32-bit half-words in every 6tf-bit word. 
A 32-bit floating point number occupies a half-word. 

A zero is a positive sign bit and a one is a negative 
sign bit for both the exponent and the coefficient. 

Both the exponent and the coefficient are expressed 
as two's complement signed integers. Numbers are of 
the form (2**X)*c where c is the 2'»-bit signed 
coefficient, X is the 8-bit signed exponent, and the 
base is 2» 

The range of coefficients is from 800000 to 7FFrFF 
base 16 which is from minus 8,388,608 to plus 
8,388,607 base 10. 



(Cont inued) 
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S.l.'t.S.l (cont'd) 

The range of useful exponents is from 90 to 6F base 
16 which is from minus 112 to plus ill base IQ. The 
values of 70 through aF base 16 all fall into a 
special end case range as defined by the following 
table. X is any hexadecimal digit. 



Machine Zero 
Indef ini t e 

Examples of 32-bit 
in base 16. 



Rgp r < 

8XXXXXXX(H) 
7XXXXXXX(H) 

floating point format represented 



00 


000001 


EA 


ttOOOOO 


00 


FFFFFF 


E9 


800000 


00 


000100 



+ 1 

+ 1 norma I i zed 

-1 

-1 norma I i zed 
+256C01 



A floating point number is normalized if the 
coefficient sign bit is different from the next bit 
to the right. This condition implies that the 
coefficient has been shifted to the left as far as 
possible. Note that an all zero coefficient requires 
special attention for normalized operations (see 
3,1,1*. 7), 
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S.l.'f.S.Z S^f-bit Floating Point Format 
bit 0» exponent sign bit 




15 



: i6-bit signed 
5 exponent 



♦ exponent binary point 



{ — bit 16» coefficient sign bit 

I 
I 

V 



17 



63 



♦ coef . 
b inary 
point 



if8-bit signed 
coef f icient 



15 16 



63 



bit \. 



e^t-bit floating point number 

A G^t-bit floating point number is contained in a 
e't-bit wora. 

A zero is a positive sign bit and a one is a negative 
sign bit for both the exponent and the coefficient. 

Both the exponent and the coefficient are expressed 
as two's complement signed integers. Numbers are of 
the form (2**X)*c where c is the «+8-bit signed 
coefficient, X is the l6-blt signed exponent, and the 
base is 2* 



(Cont inued) 
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Ztl»^*3'2 (cont'd) 

The range of useful coefficients is from 8000 0000 

0000 to 7FFF FFFF FFFF base 16 which is minus 

140, 737, 488, 355, 328 to plus l^fO , 737 , ^tas , 355 , 327 base 

10. 

The range of useful exponents is from 9000 to 6FFF 
base 16 which is from minus 28,672 to plus 23,671 
base 10. The values of 7000 through 8FFF base 16 all 
fall into a special end case range as defined by the 
following table. X is any hexadecimal digit. 



Ei^jgnt. 

Machine Zero 
Indef inite 



s tati on 

8XXXXXXXXXXXXXXX(H) 
7XXXXXXXXXXXXXXX(H) 



Examples of floating point format represented in base 
16 



+ 1 

+ 1 normal i zed 

-1 

-1 norma I i zed 

+256(0) 



0000 
FFD2 
0000 
FFDl 
00 00 



0000 
^♦000 
FFFF 
8000 
0000 



0000 
0000 
FFFF 
0000 
0000 



0001 
0000 
FFFF 
OOQO 
OlOO 



A floating point number is normalized if the 
coefficient sign bit is different from the next 
to the right. This condition implies that the 
coefficient has been shifted to the left as far 
possible. Note that an all zero coefficient requires 
special attention for normalized operations (see 
3. l.'t.7) . 



bit 



as 
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Z»i»k.k End Cases 



If Indefinite is used as an operand in a floating 
point instruction* both the upper and the lower 
results are indefinite. 

For the cases listed below, represents machine zero 
and N represents an operand which is neither machine 
zero nor indefinite. 

0+0= OoO=0 0/0= Indefinite 

0±N=±N OoN = 0/N = 

NiO= N Noo=0 N/o= Indefinite 



3.1.i+.5 Floating Point Compare Rules 

Several of the instructions compare two floating 
point operands for* 

a. equality (D = (s) 

b. non-equality (r) ^ (s) 

c. greater than or equal to (r) > (s) 

d. I ess than (r) < (s) 

For these examples, the first operand is represented 

by (r) and the second operand by (s). 



3.1. it. 5.1 One or 3oth Operands Indefinite 

If one operand is indefinite, no coaioare condition is 
met since indefinite is not: g reater than , LsSS 

than , ^Quat to, nor not equ^| to any other operand. 

If both operands are indefinite, the (r) = (s) and 

the (r) > (s) conditions are met since indefinite is 
defined equal to indefinite. 



3.1. if. 5. 2 Neither Operand Indefinite but One or Both Operands 
Machine Zero 

Any non-indefinite, non-machine zero operand with a 
positive, non-zero, coefficient is strictly greater 
than machine zero. 

Any non-indefinite, non-machine zero operand with a 
negative coefficient is strictly less than machine 
zero. 

(cont inued) 
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Z.l.'f.S.Z (Cont'd) 

Machine zero Is equal only to itself and any number 
having a non-indefinite exponent and an all zero 
coe f f ic lent. 



3.1.£f.5.3 Neither Operand Indefinite Nor Machine Zero 

A. If the signs of the coefficients of the two 
operands are unlike* the operands are unequal 
and the operand with the positive coefficient is 
the larger of the two. 

B. If the signs of the two coefficients are alike, a 
floating point subtract upper is performed? 
operand r minus operand s. 

Condition met criteria are analyzed as follows 
for Sif/SS bit compares* 

a. If the upper i^Q/Zk bits of the result 
coefficient are all zeros (r) = (s) 

b. If the upper h8/2k bits of the result 
coefficient are not all zeros (r) ^ (s) 

c. If the result coefficient is positive 

(r) > (s) 

d. If the result coefficient is negative . 

(r) < (s) 

The above criteria (a and b) for equality and 
non-equality do not guarantee that if r = s, then 
s = r when the following is true: 

a* The operands have unequal exponents. 

b« "l" bits exist in any of the right-most bit 
positions of the coefficient which will be 
shifted off the right during alignment of the 
smaller exponent. For example! 



16 
r = S oOO'fl 



63 



(12 digits) 



s = 



I ooooi 



(11 digits) 



I X t 



Exponent difference = ** 

If X = then r = s implies s 

(cent inued) 



= r 
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3. l.if.S.S 



(Cont'd) 



If X ^ 



then 
or 



if 
if 



r 
s 



s, -s ^ r 
r, r / s 



The order of events of the floating oolnt subtract 
upper is first to complement the subtrahend, then 
align the coefficient associated with the smaller 
exponent and finally to perform a floating point add 
operation. The following is an example of r - s but 
s Jf r. 



Operand r = 
s = 

Complement s 
A 1 i gn r 

Add al igned 
r and 

compi emanted s 



0100 
OlOi* 

OlC* 
OlOit 

010** 



0000 0000 1001 

0000 0000 OlOO 

FFFF FFFF FFOO 

iLani gggo . oijijj i 



0000 



0000 



0000 



Since the upper k8 bits of the result coefficient are 
all zeros, the pair of operands are considered equal. 
However, if the operands are interchanged, the 
to 1 I owing happensi 

Operand r = 

s = 

CompI ement s 
Al ign s 

Add r and 
comp 1 emanted, 
al igned s 

Since the upper t*8 bits of the result coefficient are 
not all zeros, the pair of operands are considered 
unequa I » 



OlO't 
0100 


0000 
0000 


0000 
0000 


OlOO 
1001 




0100 
010«t 


FFFF 
FFFF 


FFFF 
FFFF 


EFFF 
FEFF 


F 


OlOA 
OlOtf 


0000 

FFFF 


0000 
FFFF 


0100 


F 


010'* 


FFFF 


FFFF 


FFFF 


F 



3.1. '♦.6 Upper and Lower Results 

The floating point add, subtract and multiply 
instructions generate a result coefficient twice the 
leng.th of the source operands* coefficients. The 
left and right halves of this result are called the 
upper result (U) and the lower result (L), 
resoec t ive I y . 

(cont inued) 
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3.1.'t.6 (Cont'd) 

The sign bit of the lower result's coefficient is not 
affected in a lower operation and remains at zero in 
two's complement arithmetic. The other bits of the 
lower coefficient receive no special treatment. 
Remember that a lower result is not meaningful alone» 
but it must be used in conjunction with its 
associated upper result. The data flags resulting 
from the lower result pertain only to the lower 
resul t . 

3.1.4.6.1 Right Normalization 

When the result coefficient overflows its register, a 
right shift of one place is necessary. In this case, 
the entire 95-bit lk7-blf for 32 bit ooerands) 
result is shifted right one place with sign extension 
and one is added to the exponent. This operation is 
known as right-normalization and it is done, when 
necessary, even if normalization is not explicitly 
specified by the instruction. This may cause exponent 
overflow; if so, the result is set to indefinite and 
data flag bit kz may be set. 

3.1.4.6.2 Floating Point Add 

Regardless of their signs, both operands' 
coefficients are extended to 94 bits (46 bits for 32 
bit operands) in length, not including sign, by 
adding 47 (23 for 32 bit operands) zeros to the right 
of their binary points. 

The exponents of the two operands are compared and 
the 94-bit (46-bit for 32 bit operands) coefficient 
of the ooerand having the smaller exponent is 
effectively shifted right one bit and its exponent 
increased by one, successively until the two 
exponents are equal. The sign of the shifted 
coefficient is extended from the left to the right 
during the shift. Negative coefficients approach a 
minus one and positive coefficients approach zero as 
they are shifted. 

The add is a 94-bit (46-bit for 32 bit operands) 
operation, not including sign. Right normalization 
takes place, if necessary. The coefficient for the U 
result is the left-most 47 bits (23 bits for 32 bit 
ooerands) and the coefficient for the L result is the 

{ cont i nued) 
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3.1. '♦.6. 2 (Cont'd) 

right-most t*7 bits (25 bits for^ 32 bit operands) of 
the g't-bit (^e-bit for 32 bit operands) result. 

The exponent for the U result is equal to the larger 
of the two operand exponents. Right-normalization 
Hill increase this value by one, if it occurred. 

The exponent for the L result is k7 (23 for 32 bit 
operands) base 10 less than the U result's exponent 
for al I cases except threei 

a. Right-normalization causes the U exponent to 
overflow; the U result is set to indefinite; the 
L exponent will be 6FD1 (59 in the 32-bit case) 

base 16. 

b. If the U result's exponent minus U7 (23 for 32 
bit operands) base 10 causes exponent underflow, 
machine zero is stored as the L result. 

c. If either or both operands were indefinite, the I 
and L results are Indefinite. 



3.1. '+.6. 3 Floating Point Subtract 

The floating point subtract operation is performed by 
complementing the coefficient of the subtrahend and 
performing a floating point addition operation. The 
complementation is a J+S-bit (2i»-bit for 32 bit 
operands), two's complement operation and is 
performed before the operands are extended to 3k 
bits Ikb bits for 32 bit operands). 

Note that the subtract operation is not always 
commutative. In other words it is not always true 
that A-3 = -(8-A). This characteristic will be 
observed if the following Is true of A and 8J 

a. The exponents of A and 8 are not equal. 



b. "1" bits exist in any of the 
positions of the coefficient 
shifted off the right during 
smaller exponent. 



right most bit 

which wl 11 be 

a I ignment of the 
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3. l.'+.6.3 (cont* d) 

Example of A-B / -(B-A)x 



A = 
B = 



OiQif 
0100 



6FCB 
6FAC 



807E 
3F50 



89F2 
A5FA < — 



These two l bits will be shifted off during 
exponent alignment. 



Como I ement 8 J 

-B = 0100 9053 



A U gn B I 

-B = 010^ 

A-B: 

A = QlQi* 

-3 = OlOtf 

01Q'» 

A-8 = 010'+ 

Al ign Bt 

8 = 010'+ 



F905 



6FCB 
F5iL5. 



C0A2 



3C0A 



a07E 



5A06 



25A0 



89F2 
.25AQ 



6800 
6800 

06FA 



Complement AJ 

-A = OlO** 903i* 



BC88 

3088 

C3F5 
7F81 



AF92 
AF92 

DA5F 

760E 



.6 
6 



-(B-A) : 
8 = OlOt* 06FA C3F5 DA5F A 

-A = 010«* 2LIl ^h 7F aj ZML 

010'* 972F '♦377 5o6D A 

-(B-A) = OlO** 68D0 BC88 AF93 

This differs from A-B in the last bit 
posi tion. 
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3.1. I*. 6.^ Results of the Floating Point Multiply Instruction 

When two floating point numbers , are multiplied, the 
lower result retains the k7 (23 for 32 bit operands) 
least significant product bits generated. The Sign 
bit of the lower result is always set to zero and the 
exponent of the lower result is the sum of the two 
source operands' exponents with the exceptions listed 
be I ow: 

The upper result retains the kV (23 for 32 bit 
operands) product bits immediately to the left of the 
bits retained by the lower product. The sign of The 
upper product's coefficient follows the normal rules 
of algebra. The exponent of the upper result is the 
sum of the two source operands' exponents plus k7 (23 
for 32 bit operands) with the following exceptions: 

a. The sum of the source operands' exponents (plus 
t*7 (23 for 32 bit operands) base 10, it upper 
result) exceed 6FFF (6F for 32 bit operands) 
base 16 for which case the result exponent is set 
to inde finite. 

b. The sura of the source operands' exponents (plus 
k7 (23 for 32 bit operands) base 10, if upper 
result) is less than 9000 (90 for 32 bit 
operands) base 16 for which case the result 
exponent is set to machine zero. 

c. Either or both operands are indefinite for which 
case the result exponent is set to indefinite. 

d. Neither operand is indefinite but either or both 
operands are machine zero, for which case the 
result exponent is set to machine zero. 

Except for the calculation of significance, if either 
operand has a coefficient of 8000 0000 0000 (800000 
for 32 bit operands) base i6 and an exponent of X, 
the operand will be treated as though its coefficient 
were CQOO QOQQ 0000 (CQOOOO for 32 bit operands) base 
16 and its exponent were X+1. 

5,i,k,b,5 The Floating Point Divide Instruction 

The quotient from the divide operation is the -"esult 
of dividing the prenormalized, integer coefficient of 
the divisor into the integer coefficient of the 
dividend generating a i*7-bit (23-bit for 32-bit 
ooerand quotients). Except for the calculation of 

(Cont inued) 
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3.1. if. 6. 5 (cont'd) 



significance, if either operand has a <=°^^^^i^^^ °* 
8000 OOQQ 0000 (800000 for 32 bit operands) base l6. 
the operand wiH be handled as though its ^oeff cient 

were COOQ OOOO 0000 (COOQOO for 32 ^^ ^.^^^-^f^f ^ , ^^de 
16 and its exponent increased by one. When the divide 
hardware normalizes the divisor coefficient, the 
number of places shifted left is added to the 
exponent of the quotient as defined below. 

The exponent of the result will be given by the 
foil owing equation: 

Exponent of Quotient = (Exponent of Dividend) 

- (Exponent of Divisor) 

- (constant - NO 

where the constant is ^fS (22 for 32 bit 
operands) base lO and NC is the number of places 
shifted left to prenormalize the divisor. 

The right-most bit of the quotient is neither rounded 
nor adjusted. The remainder is not retained. The 
sign of the quotient's coefficient follows the normal 
rules of algebra. 



3.1. '♦.6.6 Normalized Upper Results 



The normalized add and subtract instructions generate 
an intermediate result identical to the final result 
of the add U and the subtract U instructions. 
Normalization of the intermediate, ^8"^^ J^ ' ^'♦-b it 
for 32 bit operands) coefficient result then takes 
pi ace as foil ows* 



The coefficient is shifted left one bit and its 
exponent is decreased by one, successively, until the 
and the bit immediately to the right of the 
are different. During this shift, zeros are 
to the right end of the coefficient. If 
reauciny the exponent by one causes exponent 
underflow, the result of the normalization ooeration 
is defined as machine zero. 



si gn bit 
sign bit 
attached 
reducing 
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3.1.ti.6.7 Double Precision Results 
Several instructions 

DA SUM (AO ♦ Al + A2 ... 

DC VECTOR DOT PRODUCT TO 



AN) 
AND 



TO C AND 
C ♦ 1 



C *- 1 



produce 
precisi 
f I oatin 
resul t 
resu 1 ts 
Thus th 
of 3^ c 
32-bit 
inf orma 
the upD 
operat i 
operat i 



doub I e 
on add 
g point 
simu I t a 

for th 
e parti 
oef f ici 
ari thme 
tion. T 
er and 
ons to 
ons as 



preci 
operat 

add p 
neous I 
e next 
a 1 res 
ent bi 
tic CO 
he DOT 
I oHer 
the pa 
descr i 



sion results. The double 
ion is nothing more than a 
reducing both an upper and lower 
y and retaining both of these 

floating point add operation. 
ult in 6^-bit arithmetic consists 
ts plus sign information and in 
nsists of 1*6 bits plus sign 

PRODUCT instructions add both 
results of the multiply 
rtial results of the add 
bed above. 



Because of speed consideration, the accumulative 
results for double precision are order dependent and 
may vary from aodel to model. Precautions will be 
taken to insure that results do not vary on a 
particular model due to interrupts. 



3.1. it. 7 Floating Point Square Root 

Except for the calculation of significance, if the 
operand has a coefficient of 8000 0000 0000 (800000. 
for 32 bit operands) base 16 the operand will be 
handled as though its coefficient were COOO 0000 0000 
(COOOOO for 32 bit operands) base l6 and its exponent 
increased by one. 

The result of a floating point square root operation 
is produced by performing the following steps: 

1. Determine and record the significance of the 
coefficient of the input operand. 



2. 
3. 



Transform the input operand into its positive 

If the exponent of the input operand is odd, 
reduce it by one and multiply the coefficient 
from step 2 by two. If the exponent is even, do 
not modify it. 



(cont inued) 
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3.1. it. 7 (cont'd) 

k. Obtain the square root of' the coefficient from 
steo 3. Attach enough "o" bits to the right end 
of the coefficient to allow *♦? answer bits to be 
produced (23 answer bits for the 32-bit square 
root) . 

5. If the original inout operand was negative, 
complement the i*7 (23 for 32 bit operands) answer 
bits produced in step k. If the original input 
operand was positive, do not modify the answer 
bits from step *♦. 

6. Form a result exponent by dividing the exponent 
from steo 3 by two and subtracting 23 from it 
(subtract 11 for the 32-bit square root). 

7. Adjust the answer bits from step 5 so that they 
produce a coefficient with the same significance 
as that recorded from the input ooerand in step 
1. Adjust the exponent obtained in step 6 so as 
to compensate for the change in magnitude of the 
result coefficient. 

8. A source operand having an all-zero coefficient 
will produce a result with an all-zero 
coefficient whose exponent has been effectively 
divided by two by being right shifted one place 
with sign extension. If the source operand is 
negative, data flag bit t*5 is set. If the source 
operand is indefinite or machine zero, the 
result will be indefinite or machine zero, 
respectively. In these two cases, data flag bit 
W5 is not set. 



3.1.tt.8 Significant Results 

The significant bit count for a floating point number 
is equal to the number of bit positions in the 
coefficient (excluding the sign bit) minus the left 
shift count necessary to normalize that number. An 
all zero (or an all one) coefficient has a 
significant bit count of zero. Note that for a 
non-zero coefficient that is an exact power of two, 
the positive form of the coefficient has a 
significant bit count that is one greater than the 



{ cont inued) 



{CONTROL DATA } EMGINEERING NO. 37'1Q0670 
DATE Jan., 1930 

J Corporation } SPECIFICATION PAGE 38 
REV. A 



SUPER COMPUTER OPERATIONS 



S.l.'f.S (Cont'd) 



significant bit count' of the negative form of the 
coefficient. The significance of an input operand is 
determined from the operand as originally read from 
a register or from central storage before any 
operations such as sign control * the handling of a 
coefficient of 8000 0000 0000 (800000 for 32 bit 
operands) or the left shift for odd exponents in 
square root are performed. 

Significant arithmetic determines which of the 
source operands has the smaller significant bit count 
and records that count; and then* after the 
arithmetic operation, determines the significant bit 
count of the result after any necessary sign 
correction. The input significant bit count and the 
result significant bit count are then compared. If 
the result significant bit count is less than the 
input significant bit count, the result coefficient 
is left shifted (with zeros shifted in) by the 
difference in significant bit counts and the exponent 
is reduced accordingly. If the result and input 
significant bit counts are equal, the coefficient is 
not shifted nor the exponent adjusted. If the result 
significant bit count is greater than the input 
significant bit count, the result coefficient is 
right shifted (end-off with sign extenson) and the 
exponent increased accordingly. Note that for 
multiply, the entire 95 bit result iW? bits for 
32~bit multiply) is shifted as required. 

Exponent overflow, exponent underflow and divide 
fault cause forced results as usual. Adjusting for 
significance can cause exponent overflow or underflow 
or it can take a result out of exponent overflow or 
under f I ow. 



3. 1.'*. 9 Sign Control 



Certain vector, sparse vector and non-typical 
instructions provide an operation called sign control 
on the input operands. For these insructions, pits 
5, 6, and 7 of the G field have the following 
signi f icance. 

Use the operands from the A stream in 
the normal manner. 
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1 Complement the coefficients of the 

operands from the A stream before 
using them. 

1 Use the magnitude of the coefficients 

of the operands from the A stream. 

1 1 Complement all positive coefficients 
of the operands from the A stream 
before using them. Negative operands 
Hill not be al tered. 
Sill-Z 

Use the operands from the 8 stream in the 
normal manner. 

1 Use the magnitude of the coefficients of the 
operands from the 8 stream. 

Any como f eraent at ion necessary to achieve the required 
operand state is a two's complement operation and is 
performed before operands are used in the specified 
arithmetic operation. Complementation in sign 
control is as described in section 3.1.i».6.3 
"Floating Point Subtract". 

Any significance calculation necessary in performing 
an instruction is made before the above mentioned 
complementation occurs. 
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The following Instructions have- sign control: 

A Operands 

(Bit 5 S, 8 Operands 
Instruction .B it ^ } LSit_71_ 

80.81.82 Vector Add XX X 
Si*, 85, 86 Vector Subtract XX X 

88.89.83 Vector Multiply XX X 
8C,8F Vector Divide XX X 
93 Vector Square Root XX 
A0,Ai,A2 Sparse Vector Add XX X 
Ai»,A5,A6 Sparse Vector XX X 

Subtract 
A8,A9,AB Sparse Vector X ~ X X 

Multiply 
ACAF Sparse Vector XX X 

Oi vide 
CF Arithmetic XX X 

Compress 

08 Maximum of A to C X ' 

09 Minimum of A to C X 

X - or 1 bit is legal 

- This bit must always be set to 
zero 

The Operand Flow Chart on the following page 
illustrates the order of operations when sign control 
is se I ected. 



'.CONTROL DATA : 
! Corporation J 



ENGINEERING 
SPECIFICATION- 



NO. 37100670 

□ATE Jan., i980 

PAGE hZ 

REV. A 



SUPER COMPUTER, OPERATIONS 



OPERAND FLOW FOR INSTRUCTIONS HAVING SIGN CONTROL 
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Item Count (field lengths, offsets, indices, etc.) 

AM field lengths, offsets, Indices, shift counts, 
etc., are item counts which specify a number of 
bits, bytes, half-Mords or words. 



String Indices 



In 3lL 

in by 
the V 
(2**1 

word 

shift 
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are n 

a slm 

index 

igncr 
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I e str 
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p I aces 
e f t-mo 
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er the 
sist o 
dd ing 



ct ion 
re di 
ons. 
ing i 
i tern 
Since 

bet o 
St th 
t con 

left 
f ext 
indie 



s indices are item counts 
fferent from the offsets in 

Offsets are limited to 
ndices are limited to 
counts and (2**^*2) -1 for 

byte indices are left- 
re they are added to a base 
ree bits of a string index 
sist of extended sign. In 
-most six bits of word 
ended sign. Overflows are 
es to base addresses. 



Where an item count other tha n an Ipde?^ is 
contained in a ^8-bit field, there snail be at least 
32 consecutive and identical sign bits. Sign bits 
must always be extended to the left to fill the 
l&-bit or £t8-bit field containing it. 
The item count g pit is specified by the instruction 
title line code (see arrow). 



fx^miLLS 



3. 2.1. Z'*S 



F8 



V 
8 



ST MOVE 3YTES LEFT; A->C 



The 8 indicates that field lengths and indices are 
expressed in bytes. Any deviation from this method 
of specifying the units for the various item counts^ 
would be indicated in the instruction description or 
In the description of the instruction type. The 
Instruction type refers to ST (string), VT (vector), 
etc. 

An inde x may be either positive or negative in sign. 
The maximum magnitude of an Index is a function of 
its usage. The Index is shifted to the left end-off 
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zero/three/ f I ve/six places before the addition to the 
base address when the unit for the index is 
bits/bytes/hal f-Hords/Hords. 

An of f set may be either positive or negative in sign 
and must have a magnitude of less than (2**16). 

A field .1 2 q t ^1 must be positive in sign and have a 
magnitude of less than (2**16); the use of a negative 
field length causes that length to become strictly 
undefined. Offsets are subtracted from the fiela 
length in vector instruction, but note that for a 
negative offset, this amounts to increasing the 
length specification since subtracting a negative 
quantity is addition. 



3.1.6 Data Flag Branch Register 



3.1.6.1 General Description 

The data flag register is designed to give the 
programmer an automatic branch to a special routine 
for certain operands, results, conditions, etc., 
without his having to pay the time penalty of 
explicitly checking these conditions in his program. 
If a condition which has been previously selected to 
cause an automatic branch occurs during an 
instruction, the address of the next instruction 
which would have been executed is stored into the 
address portion of register 01 and a branch is made 
to the address contained in register 02. Zero, one 
or several more instructions may be executed before 
an automatic branch actually takes place. The amount 
varies from model to model. 

The data flag register is stored into word four of 
the invisible package. 
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3. 1.6.2 



Register Description 

PRODUCT MASK 
FIELD FIELD 

1 I 

! 16 bits J 16 bits 





DATA^ 


« 


FLAGS 


t 

\ 


16 bits 



FREE FLAGS 



{ 16 bits 



S3 



15 J 



:i9 31! 



135 k7l 



551 



63} 



2 



16 18 



32 31* 



i*a 50 



63 



♦Bits through 2» 16 through 18, 32 through Zk , and 
k& through 50 of the data flag register are 
undefined. Any attempt to sample, set or clear these 
bits is meaningless and the result of any 
instruction trying to do so is undefined. 



3.1.6.2.1 Data Flag Bits 



Data flags 35-'i7 indicate conditions that have 
occurred; i.e, bit 37 is set at the and of a CC 
instruction if no match is found. Note that another 
CC instruction which finds a match will not clear bit 
37. Bits 35-'+7 are c I eared only by the Data Flag 
Register Bit Branch and Alter, and the Data Flag 
Register Load/Store instructions. 

For data flags ^tl through kS i inclusive, if a control 
vector is being used, the current control vector bit 
must be permissive in order to set any of the data 
flags? i.e., if a divide fault occurred, but the 
control vector bit for that result element was not 
permissive, the divide fault data flag would not be 
set by that result element. 



3.1.6.2.2 Mask Bits 

A mask bit is associated with each of the data flags. 
The mask bits have the function of selecting the 
conditions for which the programmer wishes an 
automatic data flag branch. 
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(Confd) 

It is important to note that the associated mask bit 
need NOT be set in order to set a data flag bit. The 
mask function Is solely one of enabling a particular 
data flag to cause a bit to set in the product field. 
The order in which the mask bit and its associated 
data flag bit are set is immaterial» as the result is 
the same; that is, their associated product bit is 
set . 



3.1.6.2.3 Product Bits 

Each product bit is the dynamic logical product of a 
data flag bit and its associated mask bit. Data flag 
branches are performed when there is at least one one 
in the product register and the data flag branch 
enab le bit is set. 



3.I.6.2.'* Data Flag Branch Enable Bit 

The data flag branch enable bit, bit 52» must be set 
for an automatic data flag branch (DFB) to occur. 
Bit 52 is automatically cleared by the hardware when 
a OFB takes place. It must be reset with a Data Flag 
Register Bit Branch and Alter or a Data Flag Register 
Load/Store instruction to re-enable the DFB. 



3.1.6.2*5 Data Flag Register Bit Assignments 
Product Bit 

I 

S Mask Bit 

; I 

5 ! -Data Bit 

! I I 
V V V 
3-19-35 

Soft Interrupt. Monitor software can set bit 35 of 
a )ob*s Data Flag Branch register while the register 
is stored in the job's Invisible Package. If, 
exchanging back to Job mode, bit 35 and its 
corresponding mask bit (bit 19) 
Data Flag Branch occurs. 



a f ter 

are set, a normal 
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Job Interval Timer 
5-21-37 



Select, condition not met. Instructions Co through 
C3, No match on CC instruction. 

6-22-38 

Unused. 



of +( (2**'t7)-l) 



37, 38 and 3^. 
I ogica I product 



7-23-39 

The binary result exceeds the range 
to -(2**^7) for the 10 instruction. 

3-2'f-'tO 

3it kQ is the Inclusive OR of bits 
Bit 2«* masks bit k^. Bit 8 is the 
of bits ZW and kQ, 

9-25-'ti 



Floating point divide fauitt The divisor has an all 
zero coefficient or the divisor as read from the 
register file or from central storage is machine 
zero. If the divisor and/or the dividend is 
indefinite, no divide fault exists. If a divisor 
causes a divide fault, the quotient is set to 
indefinite. The exponent overflow and result machine 
zero data faults are not set by a divide whose 
divisor caused a divide fault. 

ia-26-i»2 

Exponent overflows The exponent of the result is 
larger than 6FFF (6F for 32-bit arithmetic) base 16. 
Results ^r^ not checked for exponent overflow until 
after the exponent adjustment for normalization or 
significance has taken place. In the adjust exponent 
instructions, if a left shift exceeds the number of 

( cont inued) 
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places required for normalization, this data flag is 
set. Exponent overflow causes the result to be set to 
indefinite; therefore, the indefinite flag will 

always be set on a exponent overflow. This exponent 
overflow data flag is not set if either source 
operand from central storage or the register file is 
indefinite or by a divide instruction whose divisor 
causes a divide fault, 

ll-27-tf3 

Result Machine Zerot The exponent of the result 
returned to central storage or to the register file 
is less than 90QO (90 for 32-bit arithmetic) base 16. 



Result Machine Zero 
underflow or by one 
being machine zero, 
bit is not set by a 
divide fault. 



may be caused by exponent 
or more of the input operands 
The Result Machine Zero data flag 
divide whose divisor causes a 



Bit kk is the inclusive OR of bits ki, kz and '♦j. 
Bit 28 masKs bit kk. Bit 12 is the' logical product 
of bits 28 and kk, 

13-29-'*5 

A negative source operand was encountered in a square 
root instruction. The square root of the absolute 
value of the operand is formed? and the two's 
complement of this square root is stored as the 
resul t. 

l't-30-'t6 

An indefinite result was placed into central storage 
or into the register file.... or .... either or both 
operands of a floating point compare were indefinite. 

An indefinite result may be caused by one or both 
operands of a floating point arithmetic operaton 
being indefinite or by the occurrence of either a 
divide fault or an exponent overflow. 



l5-31-'+7 

A breaKooint bit has occurred. 
Instruction description). 



(See the 0*+ 
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Free Data Flags 
Bit 51 



Bit 52 



Bits 



Bits 



is the dynamic inclusive OR of the product 
field. This bit is set it any of bits k 
through 15 are set. Bit 51 cannot be cleared 
direct I y. 

is the data flag branch enable bit. If bit 52 
is a one and bit 5l becomes a one (or vice 
versa) a data flag branch occurs at the end of 
the current instruction. See 3.1*6.3 for 
additional information. Bit 52 is 
automatically cleared by the execution of a 
data f I ag branch. 



53» 5k and 55 

There are no product or mask oits associated 
with bits 53. SW, and 55. Bits 53f S'*y and 55 
are initialized during the initial phases of 
the instructions (unless the instruction is a 
no OP — see Section 3.1*3) which may set any 
of them. Thus, if pertinent, these bits must 
be sampled before executing another 
instruction which would alter their previous 
state. The setting of bits 53, 5't, and 55 
does not cause a data flag branch. 
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(Cont'd) 



Bit 53 
Bit 51* 
Bit 55 



both bits kl and 59 will -set as a divide 
fault but a scalar instruction alone will only 

set bit ^1* 

\ 

a I I zeros \ 



Result field 
Resu It field 
Resul t field 



zeros 
mixed 
a I I ones 



Bit 53 - Ones were counted 

Bit 5^ - Undefined 

Bit 55 - Undefined 

Bit 53 - Undefined 

Bit 5k - Hul tiole hits 

Bit 55 - Undefined 



\ 
/ 



logical string 
instructions 
FQ through F7 

lE count 

I eadi ng e aua I s 



\ 08 and 09 
/ Maximum and 
/ minimum 



Bit 53 - Whole field scan, no hit 
Bit 5t» - Undefined 
Bit 55 - Undefined 



\ 
/ 



28, scan equal 



Bit 56 - A CPU gate associated with 

the Maintenance Station 

monitoring counters (See 

Functional Computer 

Specification listed in 

Section 2.0) 
Bit 57 - A CPU gate associated with 

the Maintenance Station 

monitoring counters (See 

Functional Computer 

Specification listed in 

Section 2.0) 

Bit 58 - A scalar divide/square root operation set bits ki.^ 
'♦2» 't3» '♦S and/or ^6. 

Bit 59 - Vector box floating point divide fault, duplicate 
of bit J*! caused by a vector. 

Bit 60 - Vector box Exponent overflow, duplicate of bit hZ 
caused by a vector. 

Bit 61 - Vector box machine zero result, duplicate of oit 
kz caused by a vector. 
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Bit 62 - Vector box square root result -imaginary, duplicate 

of bit kS caused by a vector. 

Bit 63 - Vector box indefinite result, duplicate of bit ^6 

caused by a vector. 



ICONTROL DATA ! 
! Corporation S 



ENGINEERIMG 
SPECIFICATION 



NO. 37100670 
DATE Jan., 1930 
PAGE 52 
REV. A 



SUPER COMPUTER, OPERATIONS 



OP 
CODE 



DATA FLAG 
38 39 *»! hZ 



aiTS 

37 38 39 *»! hZ i*3 ^5 kh k? 





OP 


53 


CODE 


Si* 


J 


55 


V37 



DATA FLAG BITS 
38 39 '♦I 1*2 1*3 kS 



i+6 k7 



53 
51* 
55 



00! 
on 
02! 
03! 



O^*! 
05! 
06! 
07! 



« . 



08! 
09! 
OA! 
OB! 

I . 

I 

OC! 

001 

QE! 
OF! 



10! 

11! 
121 
13! 

• - 
I 

I'tS 
15! 
16! 
17! 
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13! 

1191 

lA! 

IBI 

t , 
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llCI 
IID! 
JlEl 
!1F1 



!X 



1 



! !20 

! 121 

i !22 

! »23 

i I 

1 !2'» 

! !25 

I 126 

! !27 

! ! 

! 128 

! 129 

! 12A 

1 12B 
, t < 

i I 

! I2C 
! 120 
i !2E 
1 12F 



130 
131 
132 
133 



-I 



1 !3'»J 
! 1351 
! i3&! 
1 137! 



I „ 



1 1381 
1 139! 
1 !3A! 
1 !3B! 
i ! : 
I 13C1 
i 130! 
! 13E1 
1 13F1 



1 



! 1 



i 1 



X 
X 
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IX 
IX 
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IX 
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53 
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OP 
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V 37 



DATA FLAG BITS 
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8 8 8 8 



8 8 



IX 
8X 

I 

8 



SX 1 

8X 8 



8608 
8618 
8628 
8638 
8 8 
86*^8 
8 65! 
8 66 8 
8678 
8 8 
8688 
8698 
86A8 
86BS 
8 8 
8 6C8 
86D8 
16E! 
86F8 



8 



!X 8X 8 

8 8X 8 

8X 8X 8 

I • ! 



8X 
8X 
8X 



!X 



IX 



8X 

IX 
! X 



8X 
fX 
8X 



8 



8X8X8 
SX 8X 8 
8 8 8 
8X !X 8 



IX 
!X 

t 
I 

IX 



X IX 8X 8 



iX 



8 I 



! - ! I-- 



8 8708 
8 871J 
8 8721 
8 8738 
8 8 8 
8 87£»8 
8 8758 
8 8768 

8 8778 

If • 

< • I 

8 8788 
8 8798 
8 87A8 
8 8788 



8X 
8 — 

8 



X IX 



I 



8X 



X 8X 

X 1 

X 8X 

8X 8X 



8X 

8X 

8X 

8X 

X !X 



IX 
8X 
8X 
8X 



8 8 



8 



8 



SX 8X 8 



8X 



8 8 



8 



8 



8 



8708 
87D1 
87E8 
I7F! 



8 8 



8 8 
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OP 
COD 

DATA FLAG BITS 
V 37 38 39 kl kZ kZ k5 kb hi 





OP 


53 


CODE 


5h 


1 


55 


V 37 



DA.TA FLAG 
38 39 hi hZ 



BITS 
^♦3 h5 



kh kl 



53 

3k 
55 



!80! \ ! ! 
18lJ ! ! ! 
182! ! 1 i 
183! ! ! 5 
1 !-! — !--! 

18'tl J ! ! 
185! 1 ! ! 
1861 1 i ! 
1871 i 1 1 


IX IX ! 
J IX ! 
IX IX 1 
{ ! ! 

!X IX ! 

1 !X ! 

IX IX 1 

! ! 


1X1 1 ! 1 A J ! ! 
IX ! 1 !!Al! ! I ! 
SX ! ! !!A2! ! S ! 
1 t 1 1SA3I 5 ! ' 
..;__.--•— 51 5-1 — 1--! 
8X1 ! 1 !A£t! ! 1 1 
IX 1 1 51A51 ! ! 1 
SX 1 ! !iA6! 1 1 i 
• 8 S 1!A7! ! ! 1 

■ 1 I •• •.!——'——! 


1 
1 


1 t 

1 1 

1 1 

XXX 1 X X X 1 

1 1 

XXX 1 X X X 1 


X i 
X I 
X 1 

I 

X 1 
X I 
X 1 


— ! 


I 
! 

« 

< 

1 
• 

--! 

1 
1 

1 

1 

1 

1 
1 

--1 




i 1 — 1 ~~ • ~~ ' 

188 1 ! ! i 
189! 1 ! 1 
ISA! ! ! ! 
183! ! 1 i 


!X !X 1 
SX !X . 
: ! i 
!X !X 


--J-— S— — ;— — II I-I-— 1 • 

SX 1 1 1!A8! 1 ! 1 
SX ! » S1A9I 1 ! i 
1 1 S SSAA! ! : ! 
IX 1 ! !!AB! ! ! I 




X !X ! 1 

X IX 1 1 

. I 1 ! 

X IX ! : 


X 1 
X 1 

X 




1 
i 

* — 




1 !-! — ! — ! 
18C1 ! 1 
1301 ! ! 
58Et ! 1 
18F1 1 1 
J S-1 — 1 — . 
1 5-! — !-- 
190! 1 1 
191! ! 1 
192! 5 ! 
193! ! J 


X !X IX . 
! ! 

X IX IX 
— J — j-- 

i i 
1 1 

1 1 

! ! IX 


1 

IX 


XI 8 IIACI 1 ! i 
8 11 AD! 1 ! 
8 1 llAE! 1 I 

X ! ! IIAF! ! 1 
__,--S— 11 1-1--1-- 
— ! — ! — !! !-! — !-- 

XI ! 1!8Q! 1 1 
•X 1 1 IJBIS S 1 

X ! ! 1IB2! ! 1 
IX 1 1 11B3! 1 ! 

1 1 «l <.**M^!<*-— 


X 
X 

1 


X IX 1 I 

till 

IIS! 
IX !X I i 
1--1 — I-- 
1--! — I-- 
I ! I 
i ! ! 
S ! 1 

8 ! ! 

J -_ } -- 1 -- 


X 

1 
• 

X 


-- 


1 

1 
1 

1 


1 

■ 
1 

1 
1 


1 !-! — ! — 

19^1 5 ! 
1951 ! ! 
196! 1 1 
1971 ! ! 


1 SX !X 

! IX 1 
1 IX IX 
1 IX IX 


1 *" ^ 

i 

1 
1 

1 

1 
1 


, -- 8 -- 1 — I i 1 - f -- t 

IX 1 1 !!Bt*: 1 ! 

IX S 1 1 !B5! ! 1 

SX J I 1 !B6! J ! 

SX ! ! !»B7! 1 ! 
> ■ < 1 1 • _ 1 — _ 


1 


8 8 ! 
! S ! 
1 1 1 
1 ! ! 




1 


1 
1 


! 

I 
• 

1 

1 

• 

1 


1 1 "" 1 "— • "— 

198! 1 1 
199! ! J 
!9Ai t i 
19BI ! 1 


1 S ! 

S IX IX 
1 i ! 

« 1 * 

1 \ « 


S -- J «- i -' i-- i i 1 • • 

S S 1 I i!B8i : ! 
! SX 1 1 1 IB9! ! 5 
Sill !!BA! 1 ! 
S 1 : ! IIBB! I I 

■ • I I ft •—•__!—— 


111! 
111! 
1 S i i 


I 

% 
t 

1 


1 

1 


1 
1 

! 
8 
1 
I-- 


• 
1 

1 

! 

« 
1 

1 
• 


1 !-! — ! — 

19C! J 1 
19D? i ! 
19E! ! 1 
19FI 1 1 


1 — 1 — ! — 
1 1 !X 

1 i 1 


8 — - 1 — — 8 — — 1 — ' • •—•-—• 
8 IX 1 ! IIBC! ! ! 
•11! S!BO! ! i 
S 1 1 1 IIBEI 1 ! 
$811 IIBF! 1 ! 


III! 


1 


1 

• 
1 

1 
1 

! 


1 
i 

« 

1 
1 


1 
• 

! 

1 

• 

1 
• 
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OP 

CODE 
J DATA 

V 37 38 39 1*1 



FLAG BITS 
kZ kZ tfS *♦& 



^♦7 





OP 


53 


CODE 


5k 


1 


55 


V 37 



DATA FLAG 
38 39'tl kZ 



BITS 
^3 1*5 



t*e k7 



53 

51* 
55 



5 C ! X 1 ! 
! C 1 i X ! ! 
iC2!XI ! 
SC38XJ ! 


: i I : !X 1 ! ! ! 

S i ! 3 !X i t i i 

: : ! i ix ! : ! 
i i ! 1 !X : i : ) 


EO! I : s ! » 
El! J 1 ! ! J 
E2S 1 I ! ! 1 
E3J ! ' J ; ; 


I 1 




S 
1 




! !-l — ! 

! C* S ! « 
iC5! 1 ! 
506! ! ! 
IC7! i ! 


1 ! ! 1 !X i ! : 
: ! : i !x : i ! 

! 3 i i :X ! ! ! 

i i i i !X ! s : 


J — , — — (III 

Effl 1 I ! I 5 

E5! ! : i } 5 

E6! ! 3 ! ! 5 

IE7! ! ! ! ! ' 
I I » • «_ • • -- ! 


4 1 
« 1 

I ! 

I 
1 

1 < 
1 

^^ 1 . . 








1 1 « • 

!C8i ! i 
!C9i 1 ! 
SCAl ! i 
iCB! ! 5 


{ } ! I IX I t i !E8! ! I ! ' '' 
} ! 5 ! IX : ! ! !E9! J 1 ! 1 i 
J 1 J 1 IX 1 } JJEAJ ! ! « ! ' 
1 5 ! ! !X 1 ! ! !EBI i j | ; J 


1 

1 


1 

I 




1 
} 


i • • < 

ICCIX! ! 
SCO! ! ! 
ICE! 1 ! 
!CF! 1 5 


I \ J *! j J I !1EC! ! ! ' ! ' 
'. J . J i J ! {!ED! ! ! ! J 
. S i ! 1 ! J J5EE5 ! 1 J ! 

. 5 . s !x 1 I \'^^\ \ \ ; !__ 






1 


J - J — i 

:oo! i i 

101! J i 
! 02 ! ! i 
!D3! 5 


._I— ■ — J--J--S--:--! — 1 ! !-5 — S --! — !-- 
i 1 !X ! IX S ! 1 !F0! ! 1 ! i 
5 J IX ! IX ! 1 ! !Fl! III! 
. 5 } 5 1 1 ! ! !F2! ! 5 ! ? 
S S S J 1 1 1 ! !F3! III! 








!X 1 
!X I 
IX 1 
iX 1 


1 !-! — 

!D<t! ! 
! 05 ! ! 
! 06 5 ! 
507! 1 


"!' ': JX S Ix ! 1 ! IFtf! } J S ! 
! IX IX 1 IX J ! !!F5! 111! 

• 1 I 1 ; 1 i:f6! : I ! ! 

! 5 i { I 1 1 !!F7I 5 1 1 I 


1 I 
I I 
I I 


! 
I 

■ _ — 




IX ! 
IX 1 
IX I 
IX 1 


! !-! — 

JD8! 1 
109! J 
IDA! > 

:db! : 


\ ! ! I ix 1 IX IJF8! 1 1 ! ! 
1 } S 1 I IX J SX 1 !Fg! IIS! 
J 1 IX IX 1 IX J I 1 !FA! lit! 

. . ix IX 1 IX J 1 ! !FBJ s 1 ^;__;_ 


! I 

: s 

• f 

■ • 
1 1 


! 
I 

1 

« 
1 

1 _ _ 


1 
! 


• 1 
4 ■ 

1 I 

1 i 

« f 

f t 

I — I 


. .-} — 

JDC! ! 
!D01 ! 
SDEl ! 
IDF! 1 


!'"|' ix IX I IX J ! ISFC! 15 11 
S 1 J t 1 i i i 5SFDI sill 
....Jill 5IFE! 111! 
S 1 IXIX! !XJ 1 I IFF! 111! 


• • 

I I 

• ! 

• « 

I 1 


• 
• 

1 

• 

1 


1 
S 

t 
4 


I 

• I 
1 • 

1 « 

• • 

I 1 
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H P U T E R P E R A t"i N S 



3.1. 6*3 



Data Fl ag Branch (DFB) 



and 



its associated 
in 



If a bit in the masK ^^' ^/%^f -g^soc i ated bit 
masKed data t I a^ bit ^^ set, the ass ^^^ ^^^^ 

the product field becomes ^ f J* °':, ,^ the dynamic 

^'^^ ^;^'Vr':? ^!?r:thnrgh'i5"of%he product 
tnglusIVS-JlS of blTS >+ 1' 

field. 



rom a 

enab 

S Pl3 

nstru 
The e 
he ne 
f reg 
ess c 
02. T 
bit 5 
f t-mo 
by a 
o zer 
truct 



bove a 
J e bit 
ce som 
cti on 
xecut i 
xt ins 
ister 
ontain 
he DFB 
2) is 
st 16 
DFB. 
o , one 
1 on ca 



nd if bit 52 
) , an automa 
et ime f oM ow 
which caused 
on of the DF 
truction int 
01 and a bra 
ed in the ri 

enable bit 
automat ica II 
bits of regi 
The address 

or more ins 
using the DF 



is also 
tic DFB 
ing the 

the DFB 
3 sets 
o the 
nch is 
ght-most 
in the 
y c I eared 
ster 01 
in 

true t ions 
8. 



If bit 51 is a one f 
set (this is the DFB 
occurs. The DFB take 
termination of the i 
condition to exist, 
the bit address of t 
right-nost ki bits o 
made to the bit addr 
£♦8 bits of register 
t I ag mask register ( 
at this time. The le 
are cleared to zero 
register 01 points t 
removed from the ins 

Programmer Note: 

OFB-s are disabled when ^^^^^Zjs cleared. But if 

bit 52 is — \^^J%^,3^:;:r:ccCr 'hlch will Change 
conditions, another DFB '^^'' ^""^ ^^ ^he machine may 
tne return ^ddr^s xn re9- er O^and^^^^^^ ^^ 

Hind UP in a tight «^°P ^ before setting bit 
taken. Sampling ^^^^^^^^ °^,ton for all cases except 
52 will prevent ^^^f .^^'^^lerva 1 Timer. When using 
those i"^°'^^"9^;tJr it should be remembered that 
the Job Interval Timer, ^^. ^^°p ' ^^ccurs 
the setting of bit 36 in ^J%f ^^"^^^^^ ^on execution 
asynchronously with respect to ^^^^^^'^^^^ ^^^ timer 
once the Job interval Timer is ^-^^5-3^^^^^, ,,,ore 
may set bit 36 after ^^^%f ^f ^°g ^3 J^r 01. One method 
the branch to the contents of [ ^^^^;^i^°\he contents 
of handling this situation is to e^^^;^^^ handling 
of register 01 upon -"^^'^ ^'?J,Ip%nnd"cates that the 
Oata Flag ^''-f ^^'.^^^^th^ DFB rouMne, then 
branch °<^^,^''''^^ °^'^' ^^pl ed to a temporary location, 
register Ql could be copiea 
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3.1.6.3 (cont'd) 

If register 01 Indicated that, the branch had occurred 
within the OFB routine, then register oi would not be 
copied to the temporary location. At the conclusion 
of the OFB routine, a branch would always be taken to 
the contents of the temporary location. 

A simpler method is to combine the setting of bit 52 
and the branch to the contents of register 01 into a 
single 33 instruction (33603'»0l). 



3.1.7 



Register File 

For register 
designators d 
the register 
(monitor or ] 
register file 
the registers 
I ocat i ons o f 
program begin 
address if in 
] ob mode ) . T 
memory by the 
The on I y exce 
ins true t i ons 
instruct ions 



operations, the 8-bit ins 
irectly address the 256[D 
file. During program exe 
ob), these registers resi 
, When an exchange opera 

are stored into the firs 
the particular ) ob or mon 
nlng at bit address zero 

monitor mode and virtual 
he registers may not be r 
ir associated monitor or 
ptions to this rule are t 
with G-bit 7 set. (See t 
in this specification). 



truct ion 

] registers of 

cut ion 

de in the CPU's 

tion occurs, 

t 256C0] memory 

itor mode 

( abso I ute 

address if in 
eferenced as 
J ob program, 
he 87 and BA 
he 87 and BA 



Figure i shows a map of the register file and the 
relationship between the register, its storage 
address and its 8-bit designator. The number on 
the right represents the bit address and the number 
on the left is the value of the 8-bit designator for 
the 6i*-bit register case. The number inside the 
register represents the value of the 3-bit designator 
for the 32-bit operand case. Note that any reference 
to 32-bit register one is undefined. 
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3. 1.7 



(cont'd) 



Bit 




31 32 



63 



J///////////////://///////////// 



1 s 
J 

2 1 

« 

\ 



2 



3 
5 



Bjt Add ress 
virtual in a 
J ob ; abso lute 
in a Monitor 



0.. .OGOOCH) 
0.. .00£+0(H) 
0.. .0030(H) 



/ 

I . 
4 



7FJ 
80 



F£l6 



FFl6 



\ 
/ 



\ 
■J 

: 0.. .IFCO(H) 

, I 
I 

J 0. . .2000 (H) 

/ 

\ 



FF 5 5 0...3FC0(H) 

Figure 1 Register File 
Register Fi le Restrjct lgn? 
A. Register Zero (Job or Monitor Mode) 

1. During an exchange operation the contents 

of the trace register (register zero) and the 
appropriate (nemory location for register zero 
are exchanged (swapped). 



Monitor to Job* 



{Before I After 
JExchangel Exchange 



I 



Absolute Address Zero 



I 



Virtual Address Zero 
Trace Register 



(cont inued ) 



{CONTROL DATA J 
S Corporation S 



ENGINEERING 
SPECIFICATION 



NO. 37100670 

DATE Jan., 1930 

PAGE 59 

REV. A 



SUPER COMPUTER. OPERATIONS 



3.1.7 



(cont'd) 

Job to Monitor* 



JBefore 1 After I 
:Exchange! Exchange 



iAbsolute Address Zero 



J 



S 



Virtual Address Zero 
Trace Register 



C 

A 



If monitor and Job mode share a common register 
fite (see E this section), the following will 
occur upon an exchange operation (monitor to ]ob 
or lob to monitor): 





Be fore 
Exchange 


After { 
Exchange J 


{Absolute Address Zero 


A 


a s 


{Virtual Address Zero 

_ _ 


A 


B { 


{Trace Register 


^ 3 


1 B i 



During a 70 (Swap) Instruction involving register 
zero as part of the register field, note a 
required peculiarity. Although the current 
contents of the trace register are sent to 
the appropriate memory location for register 
zero, the current contents of the trace register 
are not a I tered. 



!C ontents 
JBefore 70 



Contents 
After 7D 



{Memory location for 
Jregister zero 




! Trace register 
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3.1.7 (cont'd) 

? Register Zero when referenced by a designator 
'• '!? provide machine zero as an operand 
:,cept when used as a source t^S jter for 
a base address or other df^^'*^^^^^^ J^'^ J^e 
vector or string instruction, ^" ^'^i^^. !^^^^ 
register zero will appear to contain 6^ zero 
lus. The use of a zero address -ay cause the 
instruction to be treated as an ^''^^a 
instruction as defined in Section 3.1.10. it 
peg ster zero is specified as the destination 
register, the instruction typically performs 
normally with data flags being set, if 
warranted, but no data is stored. Some 
instructions become undefined if regis er 
zerl is specified as a destination register. 

The table 3.1.7-1 is intended to define what 
operand is obtained when ^^^ister zero is 
^necified for a source operand. To simplify this 
chart the use of register zero as a destination 
regil er has been ignored. A b . anK in the chart 
. ^i^lto<= where it is either not possible to 
sp e s^er zero or it may only be specified 
as a destination register. The designators R, S, 
T r Y & Y. a. Z and C are used for 
llJt'Jilncl aWhiu'.h they do not -o,y to aM 
instructions. Utilization of the tollowing 
symbols is made. 

Result When Register Zero is Referenced 

S^ii^ _. fj2n_aii_G££r3Q^— 

M Machine zero is provided. 

8000 0000 0000 OOQOCHl Sk-bif mode 
8000 QOOOIH] 32-bit mode 



A 
Z 



Ail zero is provided. 

All zero in the used portion. 
In this instance the left-most bit 
is not used thus machine zero and 
all zeros are indistinguishable. 

Instruction performs as a no-op. 
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3.1.7 



(cont'd) 

C No control vector Is used. 

A (iiasK ot all ones is provided. 

3. The 3A instruction can read ''^si %^^;;/^'"° ' '"' 
data. See the respective instruction 
descriptions for details. 

B. 6t.-3it Registers One and Two (32-bit registers 2 
through 5) 

If data flag branches are being used, 64-bit 
registers one and two must be reserved 

Exclusively for that use. ^-^-^frratsfer two 
data flag branch exit address and register two 
holds the data flag branch entry address. 



C. 



0. 



E. 



Monitor's 64-3it Registers 0-FCH] (32-bit 
registers O-lFCH] 

Registers zero, one and two have the restrictions 
l!sied in A and 8 above. Registers 3 through 7 
Ire used for the illegal instruction, exit force, 
external interrupt and storage access interrupt 
entry points. 

32-3it Register One (right-most half of 6i*-bit 
register 0) 

Any reference to 32-bit register one is undefined. 
Comnion Register File for Monitor and Job Modes 

have perfectly 
if monitor executes 
09) with either 
s of register S equal 
om monitor to Job 
r file is stored 
dress zero, while the 
ed from the first 256 
ge zero. Register S 
ss of the Jobs virtual 
nstruct 1 on) . When 
ress of zero, the 



Monit 
over I 
an Ex 
desig 
to ze 
mode, 
start 
Job's 
locat 
conta 
page 
reg is 



or an 
appin 
it Fo 
nator 
ro. 

the 
ing a 

regl 
ions 
ins t 
zero 
ter S 



d Job 
g regi 
rce in 

S or 
In an 
raoni to 
t abso 
ster f 
of its 
he abs 
(see E 

speci 



modes 
ster 
struc 
the c 
excha 
r's r 
lute 
lie i 
virt 
o lute 
xit F 
ties 



wil I 
files 
tion { 
ontent 
nge fr 
egiste 
bit ad 
s I oad 
ua I pa 

addre 
orce i 
an add 
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3.1.7 



(cont'd) 



reqister file contents areno^^^ changed. 
appUes to exchange In both directions. 
s?nce the right-most 15 bits of register 
cintain zeros (see Exit Force instruction), 
only a perfect overlap may occur. 



This 
Al so» 
S must 
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COMPUTER _0 P E R A T I N S 



Tabte 3.1«7-1 



OD 
Code 



Instruct ion 
Designator 
R S T 



Jnstr,uctIon 
Op Designator 
Code R S 



00 1 ' • : 
J I I 

5 1 '• ' 
03 I « _l ! 


o** i z 1 ' : 
05 ! » ' ^ : 

1 06 1 S ' 

! 1 J •• i 


1 08 : J ' , ; 
! 09 J : Z ! z . 
J OA S Z I « i 

J : { ! _ 


j 

J S S S ; 
1 oc } J ' 

! OD '. « ' ; 

1 OE t Z I Z S 
! OF S Z » A ! 


J 10 1 M « ' i 

5 13 S Z 1 ^._!_L-S 


. 1£» i A S A J A J 
i 15 J A 8 A ! A J 
{ 16 J A : A ! A 5 

! 17 » « » i 


5 • 

: 19 1 « ' 
! lA : « J 

J IB 1 •• 5 _ 


5 

. , 1 « ! 

S IC S A t A ! A . 
• 10 J A 1 A J A 5 
5 IE '. A ! Z S J 



1 20 


S 


M 




M 


• 


Z J 


1 21 


5 


M 


• 


M 


J 


Z ! 


! 22 


! 


M 


S 


M 


1 


Z 8 


S 23 


8 


M 


J 


H 


1 


Z 8 


5 2't 


? 


M 




M 


1 


Z 8 


J 25 


t 


M 




M 


« 


Z J 


! 26 


4 


M 




M 


• 


Z 8 


I 27 
■ . — - 


\ 


M 




M 


8 


Z 8 

— —— > 



28 


8 




29 


1 
• 




2A 


1 




28 


! 


M 


20 


t 
t 

J 


H 


20 


1 


M 


2E 


1 


M 



2F 



M 
M 
M 
Z 



30 


8 


M 


31 


i 


Z 


32 


J 




33 


1 





Z 

z 



t 8 

8 3'+ 8 

8 35 8 

8 36 8 

8 37 8 



M 
Z 



f 

38 8 

39 8 
3A 8 

3B t 



8 



3C 
3D 
3E 
3F 



M 

Z 
Z 



Z 
Z 



z 
z 
z 



z 

z 



z 
z 
z 



z 
z 



■.CONTROL DATA I 
S Corporation ! 



SUPER 



ENGINEERING 
SPECIFICATION 



COMPUTER 



NO. 37100670 

DATE Jan., 1930 

PAGE Sk 

REV. A 



PERATIONS 



Op 
Code 



Table 3.1.7-1 

Instruction 

Designators 

S T 



- 


kO I 


M I 


M 


t 5 

. 1 






:+l ! 


M ! 


M 


2 • 

. t 






^♦2 » 


M 1 


M 


. ■ 






t*k \ 


M 1 


M 


\ • 
. 1 






k5 i 


M 


rt 


« 






kb 5 


M ! 


M 


J 1 

: 






1+8 5 


M J 


M 








1*3 J 


M 1 


M 


\ % 

J 1 






kB 8 


M i 


M 








— — ■" 1 






1 






kC s 


M : 


M 








hO J 












kE I 


z \ 










UF 1 


M \ 


M 








J — —.— 





__„!__ _.« — — 






J50 


. M 




1 

1 






S51 


1 M 




i 






552 


1 M 




1 






553 


S M 




.- 5 _- — -- — 






\5k 


5 M 


1 z 


1 
• 






!55 


I M 


S M 






J56 


J 




S 




• 


{ 




• 




t 






^M • ^^-.• — — 




!58 


• ^" — — — 

S M 




• 


J 

• 


J59 


J M 




! 


1 


:5A 


J M 




S 






15B 


J z 


I Z 


1 
_ _ • __ — ^ — • 


S 
■5 


J5C 
S5D 


t M 

S M 




J 

S 


S 

J 

1 


S5E 


1 z 


} z 


J 


4 




!5F 


1 z 


J z 


5 M 


■ 



Op 
Code 



Instruct ion 

Designators 

S T 



160 i 


M 5 


M i 


5 




J 61 J 


M 5 


M 


' 




J 62 S 


M 5 


M 


' 




5 63 5 


M 5 


Z 


1 ' 
1 __ — -- 5 




5 6'+ i 


M 5 


M 


1 ] 
. 1 




165 1 


M 5 


M 


\ • 




166 5 


H 5 


M 


■ ' 




5 67 i 


M 5 


Z 


5 ' 




1 ' 

568 5 


M 5 


M 


5 5 




5 69 5 


H 5 


M 


• ■ 




t i 






* ' 




5 6B 5 


M 5 


M 






!6C 5 


M 5 


M 






(60 5 


M 5 


Z 






J6E J 


M 5 


Z 


• ' 




5 6F 1 


M 5 


M 


8 5 
. 5 1 




« ^'^ "^ 


5- 






570 


• 

M 5 




1 




5 71 


1 M 5 




a 




5 72 


8 M 5 




1 • 

a 1 


573 


8 M 5 






1 


5 7«t 


5 8 

5 M 5 


Z 


1 

• 




575 


8 M 8 


Z 


8 




5 76 


t M 8 




8 


1 


5 77 


{ M 8 




5 


s 


} -- — 


1 • 








878 


1 M 8 








8 79 


8 M 5 








5 7A 


8 M 8 








57B 


5 Z 8 


z 






1 ""■* ■" 

5 7C 


J M 8 








5 70 


8 A 1 


* 


8 A 




5 7E 


5 Z 


z 




■ 


5 7F 


5 Z 


1 z 


: M • 



*See Sect ion 
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Inst 


ruction 






Inst 


ruct i on 




00 




Designators 


Op 


^ . 


Designators 


Code 


G X 


A Y 


B Z 


c 


Code 


G X 


A Y 


8 Z 


C 


!dOi 


JZ 


1A»1Z 


J A*1C 


:a 


i lAO 1 


JA 


1Z*IA 


1Z»1 A 


IZ 




.•81! 


iZ 


JA»IZ 


JA*!C 


:a 


I lAU 


IA 


JZ*IA 


1 Z* J A 


IZ 




582! 


iZ 


1A»IZ 


JA*!C 


iA 


1 1A2 I 


!A 


IZ*JA 


1Z*IA 


IZ 




i83; 


iZ 


Ifl*IZ 


JA*JC 


IA 


« f 1 


1 
1 


J ! 


! I 






!8^i 


IZ 


1A*1Z 


1 A*1C 


! A 


1 t "^ 

I A(| I 


!A 


IZ*IA 


IZ*1A 


IZ 




J85I 


sz 


!A*IZ 


! A»IC 


!A 


1 J A5 I 


JA 


IZ»I A 


IZ*I A 


IZ 




J86! 


!Z 


I A»5Z 


1 A*5C 


IA 


5 IA6 I 


JA 


JZ»IA 


IZ*I A 


JZ 




!8&: 


IZ 


JA*1Z 


!A*JC 


IA 


I I I 


1 
t 


J I 


1 i 


I 




!88{ 


!Z 


IA*IZ 


1 A*JC 


IA 


I IA8 I 


IA 


1Z»JA 


1Z*J A 


IZ 




!89! 


IZ 


S A»!Z 


IA*iC 


!A 


1 1 A9 I 


IA 


IZ»1A 


1Z»1 A 


IZ 




!3A! 


IZ 


JA+JZ 


5A+JC 


IA 


! i ! 


1 


1 i 


1 I 


1 




J88J 


IZ 


JA*!Z 


!A*JC 


IA 


I I AB ! 


! A 


JZ*JA 


1Z*1 A 


IZ 




58C! 


!Z 


J A»JZ 


!A*1C 


IA 


t JAC5 


IA 


JZ*1A 


JZ*J A 


JZ 




! 1 


1 
I 


■ 1 
I 1 


1 J 


1 


I 1 ! 


1 


I 1 


I 1 






i ! 


! 


1 


! ! 


a 


! I I 


1 
• 


« * 
« t 


1 • 

» a 






!8F! 


!Z 


!A»1Z 


IA»!C 


lA 


! lAFl 


1 A 


IZ»!A 


1Z»1 A 


IZ 






1 • *•"• •" *• 




!90! 


JZ 


J A»! 


J IC 


IA 


I 160! 


IZ 


IM IZ 


IZ IZ 


I 




191! 


IZ 


JA»! 


1 IC 


!A 


1 181 1 


JZ 


IM JZ 


IZ IZ 


« ■ 


!91! 


iZ 


J A»l 


1 !C 


!A 


! 182! 


JZ 


IM IZ 


IZ IZ 


t 4 

t 1 




1931 


!Z 


J A*l 


J !C 


IA 


I 83 1 


JZ 


IM IZ 


IZ IZ 


1 1 

• 1 




1 •• — — — 

\3i*\ 


!Z 


IA*JZ 


lA+IC 


IA 


IBtf 1 


IZ 


!M IZ 


IZ IZ 


I 1 




195! 


IZ 


IA»!Z 


!A*1C 


!A 


185 1 


IZ 


IM 12 


IZ IZ 


1 J 




196 1 


JZ 


1 A* J 


J IC 


IA 


JB6IZ 


• 

1 


< 1 
1 1 


1 


I I 


197! 


iZ 


JA»J 


!C 


IA ! 


1B7 J 


IZ 


IA IZ 


t A»IZ 


I A t 




5981 


!Z 


IA*J 


S IC 


JA 1 


188 I 


IZ 


!A I 


1 iC 


IA I 




jgsi 


JZ 


IA»{ 


! IC 


IA J 


189 1 


I 


1 1 


1 1 


1 i 




19A! 


!Z 


!A»I 


I IC 


!A J 


♦*1BA1 


IZ 


iA 1 


IA I 


IA I 




19BJ 


IZ 


1A»JZ 


S A»1C 


IA i 

— — • 1 


188 1 


1 


IA»1 


I A* I A 


IZ I 




!9Cl 


iZ 


J A* I 


1 !C 


!A : 


j -- — — ■ 

IBC 1 


1 
1 


IZ 1 


1 I A 


IZ 1 




J90! 


JZ 


IA»!Z 


I A*IC 


IA ! 


IBDl 


1 

• 


IA*1 


I A*JA 


I A I 




1 « 


J 


t t 
■ • 


I i 


I I 


IBEl 


■ 


1 1 


1 i 


1 t 
« 1 




1 « 


J 


i ! 


i 


I I 


IBFl 


1 


« t 
< • 


1 I 


1 I 





If Register Zero is selected to broadcast a 
constant* machine zero will be that constant. 



** See Section 3.1.7 paragraph A. 3 
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Code 



G X 



Table 3.1.7-1 

Instruction 
Oesi gnators 
A Y 8 Z C 




toot 

lOU 




!OCI 

!00l 

loei 

!0F? 



A»JZ !A*»C 



! i 



I 



I 



H ! 



1 
1 

tc 



:a 



Op 
Code 



} 

JFO I 
JFlJ 
tF2! 
JF3 J 



tFt» J 
JF5 f 
JF6 5 
!F7 ! 
J 



{F8 ! 
JF9 ! 
tFAS 

tFB t 
J 

JFC ! 
JFO ! 
tFE ! 
IFF J 



G X 



Instruct i on 
Designators 
A Y 8 Z C 




!Z 
IZ 

:z 

iZ 



1 A 
t A 
!A 
! A 



!Z 
IZ 
IZ 
IZ 



I A 
I A 
I A 
I A 



IZ 
IZ 
iZ 
I z 



lA 
!A 
!A 

! A 



IZ 
IZ 
IZ 
IZ 



lA 
I A 
lA 
!A 



IZ 
IZ 
IZ 

JZ 



! A 
lA 

I A 
I A 



I Z 
IZ 
IZ 

IZ 



!A 
lA 
lA 
I A 



IZ lA 



I i 



IZ lA 

I I 

I < 

< I 

t t 
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3.1.8 Real Tifne Counters 

3.1.8.1 Free Running Clock '^ 

This c I ocK consists of a free-running 'f7-bit counter 
and a positive sign bit for a total of k8 bits. It 
can be stored into register T using a "Transmit Real- 
Time Clock to T" (39) instruction. This counter 
increments at a one MHz rate. 

3.1.8.2 Monitor Interval Timer 

The "Monitor Interval Timer" is a 32-bit timer that 
decrements at a one MHz rate. 

This timer can be loaded from Registar R using the 
Transmit (R) to Monitor Interval Timer (OA) 
instruction, when the computer is in Monitor Mode. 
The timer can be activated by loading it with 
anything but all zeros. Once It is activated, 
it will decrement until it reaches zero or Is 
deactivated. When the timer is decremented to zero, 
it wil I cause an external interrupt on channel 17 
which must be processed like any other external 
in t errupt . 

The timer is deactivated by the following methodst 



1. Master Clear 

2. Loading with ail zeros 

3. Decremented to all zeros (when it is decremented 
to all zeros and caused an external interrupt, 
it will be inactive until loaded with some value 
other than zero) . 



3.1.8.3 Job Interval Timer 

The Job Interval Timer is a 32-bit counter 
decrementing at a one MHz rate. 

This clock can be loaded (in Job Mode only) from 
register R using a 3A (Transmit R to Job Interval 
Timer) instruction. Once loaded, the timer continues 
to decrement until either an exchange to monitor 
mode occurs, the timer decrements to zero, or the 
timer is loaded with a value of zero. If an exchange 
to monitor mode occurs, 'the decrementing of the Job 

( cont inued) 
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3.1.8.3 (cont'd) 

Interval Timer is stopped and the current contents 
of the timer are stored in the Invisible Package. 
When the execution of that Job is resumed, the Job 
Interval Timer is loaded from the invisible package 
and resumes decrementing. 

When the timer decrements to zero, bit 36 of the 
Data Flag Branch Register will be set. Thus, if 
the corresDond ing mask bit is set, a data flag 
branch would then occur during the next RNI. 

The timer may be deactivated by loading it with a 
value of zero. This does not cause bit 36 of the 
Data Flag Branch Register to be set. Master clear 
Hill also deactivate the Job Interval Timer. 



The Timer is deactivated by the following methods: 

1. Master Clear 

2. Loading with a value of zero 

3. Decrementing to zero 

The contents of the Job Interval Timer may be 
sampled by use of the 37 instruction (TRANSMIT 
JOB INTERVAL TIMER TO T). This does not 
deactivate the counter. 



3.1.9 



3.1.9.1 
3.1.9.1.1 



Virtual Addressing Mechanism 

The virtual addressing mechanism provides a method 
of allotting central storage to Jobs in the system, 

Definitions Associated xith Virtual Addressing 

Monitor Mode and Job Mode 

The CPU automatically goes into a hardware state 
called Monitor Mode at the time an interrupt is 
honored or at the time an Exit Force from a Job 
is performed. 

{ cont inued) 
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3.1.9.1.1 (cont'd) 

When in Monitor Mode, interrupts and the virtual 
addressing mechanism are disabled. This causes 
CPU addresses to be absolute addresses. Any 
interruDts which occur are saved until the Monitor 
program executes either an Idle or an Exit Force 
instruction. 

The Idle instruction enables the interrupts and 
merely idles until an interrupt occurs. 

The Exit Force instruction actually causes the 
■ hardware state to change to Job Mode and the Job 
execution to start. During Job Mode, the interrupts 
are enabled and the virtual addressing mechanism 
is used by the CPU. 

3.1.9.1.2 Page 

A page consists of a block oT contiguous words of 
central storage. All the words in a cage are 
identified by a common page identifier. This 
identifier is an absolute address which locates 
a page in absolute storage. The following table 
identifies the page sizes. 

Paqp ?iz*"=^ (f jitf-blt words ) 

Small Lanae 

512E03 65t536CDJ 

2, Oif8[D 3 

8,192[D] 

The size of the small page is selected by bits Q and 
16 (bit a of Key and 1) in the 3rd word (Keys) of 
the invisible package. The bits are interpreted as 

f Ol I OHS J 



( cont inued) 
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3. 1.9.1.2 



(cont'd) 

ails 

Jl Ifi 



1 
1 1 
1 



All small pages will be interpreted 
by the job- as 512tD] words. 

Small pages are 2tO'+8[D] Hords, 

Small pages are 8,lif2[01 words. 

Undef ined 



Virtual Address 

Addresses originating in the central processor 
(when not in Monitor Mode) are virtual addresses 
whose bits have the following interpretation: 



Virtual Address - ^8 bits 
/\ 



Virtual Word Address - kZ bits 
/\ 



A 
I 



A 
J 



I 



'bit identifier 
3 bits 



■byte identifier 
3 bits 



•word identifier 
n bi ts 



■virtual page identifier 
m bits 
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3.1.9.1.2 (cont'd) 

where m and n are defined as'shown in the following 
table: 



Page Size 

5l2t0] 
2»0'+8[D] 
8, 1S2LD3 
65,536[D1 



m 

it? i tsl 

33 
31 
29 
26 



n 
(bits) 

9 

11 

13 

16 



3.1.9.1.«* Associative Words 

Associative words contain the information necessary 
to mao a virtual address into an absolute address. 
They have one of the following three formats, 
depending on the page sizes 



Abso I ute 
Page Address 



Lock 



Virtual 
Page Ident i f ier 



J16 bits 

___^— .__ — _ • ^ 

l** bits J/J* 



:♦ J 12 bitsJ33 bits 
} 

12 bitsJ31 bits 



12 bits J//!» 
J -■ 

9 bits!///!* 



»/ 

12 bits!29 bits ! // 

"■•■• I — — — —'• ■" 

12 bits{26 bits !///// 



512 word 

page 

2, 0^*8 word 

page 

8tl92 word 

page 

65,536 word 

page 



8 15 



19 



30 31 



56 



63 



Bits lf«-l5 and 62-63 are not used in associative 
word defining a 2,0'+8 word pages. 

Bits 12-15 and 60-63 are not used in associative 
word defining a 8,192 word pages. 

Bits 9-l5 and 57-63 are not used in associative 
word defining 65,536 word pages. 
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3. 1.9.1.'* 




000 
001 

010 

Oil 

100 
101 

110 

111 



.roretation 

end of the page table 
null associative word 

small Paget has not been 
referenced by the CPU 
large page, has not been 
referenced by the CPU 

small page, has been referenced 
by the CPU 

large page, has been referenced 
by the CPU 

small page, has been alterec by 
the CPU. 

large page, has oeen altered by 
the CPU 



In the above table* the word raisTfillCid means that a 
Job has made a storage reference to the page defined 
by the associative word. 

The record of references and alterations contained in 
bits 16, 17 and i8 of associative word for page zero 
refer only to the upper half of the page. 

Al tered means that a CPU Job Mode program has done a 
write operation on at leas.t one bit on the page 
defined by the associative word. When in Monitor 
Mode, the CPU does not use the associative hardware 
and alteration or referencing by the Monitor program 
is not recorded in the associative words. 

3.1.9.1.5 Associative Registers (AR) and Space Table 

Each computer has a fixed number of hardware 
associative registers which hold associative words 
for faster accessibility. The remainder of the 
associative words are in central storage starting 
at a fixed address. The portion of the total list 
of associative words which are in central storage 
is referred to as the space table. The contents of 
the hardware associative registers, when in storage, 
are stored beginning at absolute hOOOCH]. 
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3.1.9.1.5 



(confd) 

Absolute Star-ting 

Number of Address of Space 

A .;<;qc i at i ve S^l^lAES laklfi 



16 



trtfOOtH] 



3.1.9.1.6 Page Table 



The page table is the complete table of associative 
words and includes both the AR and the space table. 
These associative words define the pages currently 
allotted space in central storage. 



3.1.9.1.7 Absolute Address 

The absolute address is the combination of the 
absolute page address from the associative word 
in the page table and the word, byte and bit 
identifiers from virtual addresses. The following 
figure illustrates the construction of the abolute 
address for each page size. 



Absolute Word Byte and 3it 
Page Address Identifier Identifiers 



16 bits J 9 bits 

11+ bits : 11 bits 

12 bits I 13 bits 

J 9 bits I 16 bits 



6 b its 
6 bits 



512 word page 
2f0^8 word page 
6 bits J 8tl92 word page 
6 bits 165,536 word page 



The maximum storage address capacity of each computer 
limits the number of bits used for storage reference. 
Consequently, a number of left-most bits of the 
absolute page address are ignored and must be sat to 
zero. The following table shows the number of 
left-most bits that are ignored for various storage 
size. 
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3.1.9.1.7 (confd) 

Maximum Storage Capacity 
(6iV-bit words) 



Number of Lett-Host Bits 
of Ab""solute Page Address 
Ignored 



2,097,152 
t»,l9t«»30'» 
8,388»&08 



6 
5 
k 
3 
2 



When in Monitor Mode, all CPU addresses are absolute 
addresses. 



3.1.9.1.5 Lock 



locK is a 12-bit quantity contained in an 
iocia !ve word used to associate 3 P^ge o 
ntral storage with a Job or ) obs which wil 



A 

as 

ce 

re f erence 



the page. 



3.1.9.1.9 Keys 



rrhaU'lhe it iat^Mn, the ,ocK associate, 
that page. 



the 

lob 

with 



* SKey 1 ♦ 1 SKey 1 J * 2 J Key 



♦ 3 tKey 3 ? 



l5 20 31 
*2, and *Z are 



♦0, *1, *2. ana -J are four ^.-b i t usage 
codes associated with Keys 0» 1* 2, and 
respectively. These ^.-bit codes have 
si gnif icance J 



36 hi 52 63 

I ocKout 

3» 

the f ol low ing 



bit - 



Q and 16) 
(see Sec. 
and 3 Ibit 



are 



32 



used 
and 



bit of Key and 1 (bit 

to define smal I page size 

3.1.9.1.2) bit of key 2 

U8) must be set to zero 

^ out CPU write operations 

out CPU read operations 
out CPU instruction references 



hit 


1 


- if set, 


1 ocks 


bit 


? 


- if set , 


1 ocks 


bit 


3 


- i f set , 


1 ocks 
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3.1.9.1.9 (confd» 



If a key matches the lock of an associative ^or<i, ^ 
but the usage attempted is locked out by that key 
lockout bitst an access Interrupt will occur. 



See Section 3.1.10 tor the location of 
within the Invisible Package. 



a Job's keys 



3.1.9.2 



Operation of the Virtual Addressing Mechanism 



A virtu 
to the 
vir tua I 
page id 
page id 
a match 
matchi n 
the fou 
has bee 
address 
entry i 
centra I 
the abs 



al address is sent from 
storage virtual addressi 

addressing mechanism co 
entifier from the addres 
antifier of each entry i 

is found, and if the lo 
g virtual page identifie 
r keys possessed by the 
n made. If a hit is made 

associated with the hit 
s attached to the nord i 

processor address. This 
olute address used to re 



the central processor 
ng mechanism. The 
mpares the virtual 
s against the virtual 
n the page table. It 
ck associated nith the 
r is matched by one of 
requesting Job, a hit 
, the absolute page 
-producing page table 
dent i f ier from the 
combination forms 
ference storage. 



If the end of the page table is found and no hit has 
been made, a storage access interrupt occurs. If a 
hit is made, but the operation is prohibited by the 
usage lockout bits, a storage access interrupt 
occurs . 

For a more detailed description of tne page table 
search, see individual model specification as listed 
in Section 2«0. 



3.1.9.3 Access Interrupts 

A storage access interrupt occurs whenever a page 
referenced by a CPU Job does not have its associative 
word in the page table or if an attempt is made by a 
CPU Job to violate the usage code of a page as 
defined by the key matching the lock. 

An access interrupt may be caused by any storage 
reference made by the CPU, even in the middle of 
a vector or string instruction. The virtual address 
causing the interrupt and information bits as to the 
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COMPUTER _OPE. RATIONS 



reason for the access Interrupt are stored (along 

iunusedicausei^Irtua! address causing 1^//////' 
J ! bltsS interrupt .JJ.JJ.JS. 

V'TlTz'U'll 5. 55 63 

Bits through 11 are not used and will be set 
to zeros. 

Definition of cause bitst 

g j t 12 ait_ii 



1 

1 



Write operand violation attempted 
J Associative word not in the page 

table 
1 ♦Associative word not in the page 

table 

and reference attempted was a 

write operation 

_,. ^. , . Read operand vio I at ion at tempted 

oti .c = . Read instruction violation 

attempted 



Bit 15 = 1 



♦ Note that that is the only case nhere .i^ore than one 
ot the cause bits would be set. 

Bits 55 through 63 are undefined and may not always 
be zero. 

Bits 16 through 5k contain the virtual sword address 
which caused the access interrupt. 

The CPU then reverts to Monitor Mode and a branch is 
iade to the absolute address contained in the 
right-most ^8 bits of the Monitor's register 7. 
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3.1.10 



Exchange Operations and Invisible Package 

The purpose of the exchange is to change the prime 
role of the CPU from Monitor Mode to Job Mode and 
from Job Mode back to Monitor Mode. 

The exchange operation from Monitor to a Job is 
always accomplished with an Exit Force instruction. 
This causes the contents of the Invisible Package to 
be loaded into the appropriate registers, the mode 
to be changed from Monitor to Job enabling the 
virtual address mechanism and interrupts? and 
execution to be begun as specified by the Invisible 
Package. Note that this may be the restarting of a 
previously interrupted program. 

The Exit Force instruction, the channel interrupt 
and the access interrupt are the three normal ways 
of getting from a Job in Job Mode to the Monitor 
program in Monitor Mode. Attempting to execute a 
Monitoi — type instruction in Job Mode or attempting 
to execute an undefined op-code comprises the fourth 
way to get into the Monitor mode. Except for the 
starting point in the Monitor program, the operation 
performed in getting to the Monitor are identical for 
the four. Sufficient information to restart this Job 
is stored into the Invisible Package and the mode is 
changed from Job to Monitor. The Monitor program is 
executed starting at the absolute address contained 
in the right-most ^tS bits of the Monitor's register 
3, 5, 6, or 7. 



3. 

if. 
5. 



of getting 

.Mnll^n 

Attempt to perform an 
illegal instruction or a 
Monitor — type instruction 
in Job Mode* 
Attempt to perform an 
illegal instruction in 
Monitor Mode* 
Exit Force 
External Interrupt 
Storage Access Interrupt 



Monitor register, the 
contents of which is 
!iSg<J tQ sgt P 

Register 3 



Register k 



Register 5 
Register 6 
Register 7 



♦See section S.l.'t.Z.S 

{ cont inued) 



{CONTROL DATA : ENGINEERING NO. 37l00670 

DATE Jan., 1980 

I Corporation I SPECIFICATION PAGE 78 
, _ REV. A 



SUPER COMPUTER OPERATIONS 



3.1.10 (cont'd) 



The right-most ten bits of the absolute starting 
address of the Invisible Package must be zeros. 

The Monitor must set up an invisible package for 
each Job. There is NO Invisible package for the 
Monitor program itself. 

To start a Job initially, the Monitor must clear 
the entire Invisible Package area except for the 
Keys and the Program Address areas. 

If a Job is to be re-entered, the Monitor shoul d 
QQt. alter any of the Invisible Package except for 
possibly the Keys. 

For a more detailed description of the exchange 
operation, and the size of the invisible package 
{Hhich may vary from model to model) see the 
applicable computer specification as listed in 
Sect ion 2.0. 
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3.1.10 



(cont'd) 



Abso lute 
Word Address 



JXXX— XOO 

I 

lxxx--xoi 
I 



INVISIBLE PACKAGE 
///////////I Program Address 
///////////! SreakDoint 

Keys {XXX--X02 

///////////i ////////////////////////////////// i XX X--X 3 

///////////I Data Flag Register IXXX — Xq^* 
; ! 

///////////: ////////////////////////////////// J XX X--X 5 

; { 

///////////{ ////////////////////////////////// SXXX--X 6 
. • 

/////////// t //////////////////////////////////! XX X--X 7 

lASCII Hode Bit (Clear bit for ASCII Mode - 
V Set bit for EBCDIC Mode) 

/////////! !////////////////!Job Interval TimeriXXX — X08 

/////////////////////////////////////////////// i XX X--X 9 

• «_»_« — «—«_ — — — -.— — « — — — — — — ——— — — — — ■« — ——-•-••»» — — ——-•— — —' 

Current Instruction ixxx — XOA 



I/////////////////////////////////////////////// 



Access Interrupt Address i Cause 



J 



XXX — XoC 
XXX--XOO 
XXX--X0E 
XXX — XOF 



5 ////////////////////////////////////////////// /.'XXX--X 10 



J 



I 

V 



!///////////////////////////////////////////////! XX X—X?? 

Each of the computers returns the same information in the 
non-cr osshatched areas. The definition of the cross- 
hatched areas and size of the package are model 
dependent. For specific detail see the applicable machine 
specification as listed in Section 2.0. 
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3.2 
3.2.1 



Performance Characteristics 

Instruction Descriptions '^ 

The instruction titles (3.2.1.1 - 3.2.1.256) are 
written in the following formati 

3. 2.1. XXX AA 9 CC DD NAME OF INSTRUCTION [AX] 

Hhere AA = the function code 00-FF[Hl 

B = the format types, l-C 

CC = the number of bits in the operand 

1 single bit 

8 bytes 

32 hal f-words 

6i» words 

E either 32 or S't-bit 

B both 32 and 6if-bit 

NA operand size not applicable 

00 = the instruction type 

Blank Undefined 

BR Branch 

IN Index 

LS Logical String 

MN Monitor 

NT Non-Typical 

RG Register 

ST String 

SV Sparse Vector 

VM Vector Macro 

VT Vector 

The G bit usage charts in the table of contents use 
the following symbols. Positions in the G bit usage 
charts without symbols are undefined and must be set 

to zero. 

g bit 



E - Either 32 or 6i»-bit operands 

C - Control vector 

- Offset 

B - Broadcast 

S - Sign Control 

X - Defined in Instruction 





1 
2 
3t k 

5, 6, 7 
Any 
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3.2.1 



(cont'd) 



Funct i on 



J_1JLJ_£. 



G-8its 
^ ft 5. 



3 a. 



J 


81 


t 


c 





8 


8 


S 


5 


§ 


I 


8? 


£ 


C 


Q 


5 


8 


S 


5 


5 


t 
t 


83 









B 


8 








t 


su 


. . te ... 


c 


Q 


B 


B 


s 


._S_ 


s 



85 


£ ^ 





B 


8 


5 


5 


s 


86 


• e c 


Q 


8 


8 


S 


5 


s 


87 


c 


_o__ 

Q 


B 


3 








88 


._£ £- 


8 


8 


s 


S 


s 


89 


E C 





3 


B 


5 


5 


s 


8A 


a_ 





B 


B 








89 


E C 


Q 


B 


8 


5 


S 


§ 


8C 


E C 





8 


8 


S 


S 


s 


80 1 




8E 1 




ef ,.! 


._£ G- 





_S_ 


8 


s 


S 


__5__ 



Funct i 

iL2d5 



on 



G-Bits 
3 tf 5 



! 9n 




c 


Q 


8 






J 


! 91 


' E 


g 


g 


9 






J 


\ 9? 


1 Z 


c 





8 






: 


' 93 


e 


c 





8 




? 


S J 


: <^k 


e 


c 





B 


8 




! 


I 95 


e 


c 


Q 


B 


8 






} 96 




c 


Q 










{ 97 




c 


Q 


B 








J 98 


r 


c 





R 








! 99 


f 


c 





8 








! 9A 1 


e 


c 


Q 


6 








! 98 ' 


e 


c 





B 


8 






; 90 1 




c 


Q 


8 








I 90 ! 


e 


c 





B 


B 


X 


X X { 


J 96 J ! 


! 9F ; 














1 
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(conf d) 

Funct ion 
Code a 




(cont inued) 



JCCNTROL DATA ! 
S Corporation \ 



SUPER 



ENGINEERING 
SPECIFICATION 

COMPUTER OPERATIONS 



NO. 37100670 

DATE Jan., 1930 

PAGE 33 

REV. A 



3.2.1 



(cont'd) 
Function 



I 










3.2.1.1 



GO 



l^ NA MN IDLE 






zero. 
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3.2.1-2 
3.2.1.3 



3.2»1'5 



COMPUTER OPERATIONS 



01 



02 



03 



ILLEGAL 



ILLEGAL 



KEYPOINT - MAINTENANCE 



This instruction is .or us. only -ithth.^^^^^^.^^^ .^ 
roirrapInilnt.Ter:;^"!^"^ ™acMne spec i , i C3t ion 
1 isted under section 2.0. 

0^ ^ (,•, NT BREAKPOINT-MAINTENANCE 

Tne breakpoint instruction trans.ers R to^tne ,^ ^ 

:-:i::^:^^:^lrJ:iJ^^^ aid and is sa.ed in 
the lob's Invisible Package. 

58 59 60 61 62 63 
15 16 ll.ll 

S/ /////I USAGE'. //! 

S//////5 ^ »nnoc«;<; itJNUSED! BlTSS//i 

5UNUSEDI BREAKPOINT ADDRESS U^UStU. ^^^, 

J//////! 

_- A 

■ 

UNUSED 

Tne .reaKpoin, .unction co™pares fje addresses^o.,^^ 

IZrVsir uTZlll "oJcursr.it .7 o, tne Oa,a Ma, 

Branch register is set. 

usage bits 61 and/oP 62 .av be set to sp^^^ 

breakpoint function for CPU write op 

CPU read operands respectively. 



61 
62 



BREAKPOINT ON CPU WRITE OPERANDS 
IrEAKPOINT on CPU READ OPERANDS 



(cont Inued) 
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3.2.1.7 (cont'd) 

This instruction is only enabled during Monitor Mode 
In Job Mode it becomes a no op. ^ 

The modes are set up by executing this instruction 
with a "1" in the appropriate R designator bit and 
are cleared by executing the instruction with a 
"0" in the same bit location. 

The R designator bits are defined below: 

S..Q£SIi;NAXg5_aiI 



8 



9-15 



Disable error correction on all 
Read buses. 

Checkword bits to be 
comp I emente d . 



Programmer Note: These bits must be set to zero 
before any Monitor to Job exchange Operation. If 
these bits are not set to zero via an 06 instructiont 
the connection network could produce invalid data on 
the Read and invalid data could be written into 
memory. 

The S and T designators are undefined. 

A description of each of these faults can be found 
in applicable model specification under section 2.0. 



Test Operation 



The test is initiated by executing an 06 instruction 
with bits 9 through 15 selected of the R designator 
to complement the respective checkword bits of 
half-words 0» It 2» and 3 on the Write Scalar bus 
central memory. By appropriate selection of data 
bits and complementation of checkword bits when 
writing in memory, one should be able to generate 
SECOEO faults on all Read buses. This should allow 



to 
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3.2.1.7 



(confd) 

complete checKlng of the Read SECJ3ED ^^^^<^«^^^/"^ 

also the fault recording hardware for type and 
address of the fault. 

The forced complementing of the checkHord bits is 
discontinued by executing an 06 instruction with 

bits 9 through 15 of the R designator. 



3.2.1.8 
3.2.1.9 



07 



08 



ILLEGAL 



/♦ NA MN INPUT/OUTPUT PER R 




of this instruction is undefined. 

The S and T designators are undefined and must be 
set to zero. 



3.2.1.10 09 k 6^ BR EXIT FORCE 



From a Job to the Monitor* Exchange to the Monitor 
program A hardware branch is then taken to the 
address defined by the right-most .8 o^^%°^3^^^^, , 
Monitor's register 5. For this case, the R, S and i 
"designators are undefined and must be set to zero. 

From the Monitor to a Job: Exchange to the Job 
Whose Invisible Package is located starting at the 
absolute bit address contained in register T and 
^hose Virtual page zero (equivalent to s - ing 
address of register file to be loaded) starts at 
^helbsolute bit address contained in register S. 
For this case, the R designator is undef ned and 
'ust be set to zero. If either the S <^e-5"-^°^ 
or the contents of register S are equal to zero, 
?hejob-s register file and the monitor's register 
file are ident ical . 



(cent inued) 



{CONTROL DATA i 
! Corooration I 



ENGINEERING 
SPECIFICATION . 



NO. 37100670 
DATE Jan., 1930 
PAGE 88 
REV. A 



SUPER COMPUTER OPERATIONS 



3.2.1.10 



(cont'd) 



!Not Usad 



I useful bits**! ♦ 



15 16 



63 



gf;qUt?r S - T 



Bits 0-15 



are not used 



* These bits must always be set to zero or this 
instruction is undefined. 

♦*The anount of central storage actually on a system 
will determine the number of useful bits on a given 
system. 

The number of useful and unused bits is model 
dependent and related to memory size. See applicable 
model specification listed in section 2.0. 



3.2.1.11 



3.2.1.12 



OA k 
TIMER 



6it MN TRANSMIT (R) TO MONITOR INTERVAL 



When in Monitor Mode, transmit bits 32 through 63 of 
6i*-bit register R to the Monitor Interval Timer 
(see Section 3.1.8). The left-most 32 bits of 
register R are ignored. The S and T designators are 
undefined and must be set to zero. 



08 



ILLEGAL 



3.2.1.13 
3.2.1.1't 



OC h SI* MN STORE ASSOCIATIVE REGISTERS 



00 k 6if MN LOAD ASSOCIATIVE REGISTERS 

When in Monitor Mode, Store/Load the contents of the 
associative registers into/from absolute addresses 
i^OOOlH), etc. The R, S and T designators are 
undefined and must be set to zero. The contents of 
the associative registers are undefined following the 
execution of the STORE ASSOCIATIVE REGISTERS 
Ins true t ion. 
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3.2.1.15 OE *♦ 6t» MN TRANSLATE EXTERNAL INTERRUPT 

Each bit in the External Interrupt Register (EIR> is 
associated with an external I/O channel, or the 
Monitor Interval Timer. 



Externa i_lDl£!illUPt .Rgql Stgr 9JLL 




1 
2 
3 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 



Assignment 

Not Ava i I ab t e 
I/O Channel 
I 



I/O Channel 
Monitor Interval Timer 



1 
2 
3 
k 
5 
6 
7 
8 
9 

10 
11 

12 
13 

l'* 
15 
16 
17 



Translate the lowest numbered bit set in the EIR 
into its associated tive-bit code and transmit this 
code to the right-most five bits of register T. The 
left-most 59 bits of register T are cleared to zero. 

Examine the EIR and if only one bit is set, the 
branch conoition is met. The branch, if taken, is 
to (S) ♦ (R) where (S) Is an index in half-words and 
(R) is the base address. 

The exit, be it a branch or not, clears the bit (and 
only that bit) in the EIR corresponding to the 
channel designator which was transmitted to 
register T. 

If the T and S designators are equal, the 
interrupting channel designator will also be 
the branch index. 



Bit zero of the EIR will never be set 
reserved for maintenance purposes. 



as it is 



If no bit in the EIR is set, this instruction sets 
T to all zeroes and no branch is taken. 
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3.2.1.16 OF k &«♦ MN LOAD KEYS FROM{R) , TRANSLATE AODRESS(S) 

TO (T) 

When in Monitor Mode load the four keys found in 
register R Into the virtual address Key registers. 
The virtua! address found in register S is then 
translated into an absolute bit address using the 
four keys Just loaded and the associative words of 
the page table. This absolute bit address is stored 
in the right-most k8 bits of register T. If no 
translation is possible before the end of the page 
table is encounteredj the right-most '+8 bits of T are 
set to zero. The associative word actually used to 
make the translation is left in the top associative 
register (associative register zero). The page table 
is dynamically pushed down* if necessary, when 
searching for the associative word used to make the 
translation. This instruction uses the page table as 
contained in the Associative Registers and the Space 
table in memory. The locations in memory correspond- 
ing to the Associative Reg isters (see the OC and 00 
Instructions) will not be re ferenced during the 
execution of the OF instruction. The left-most 16 
bits of register S are transmitted to the correspond- 
ing position in register T. 

The 3-bit sizet alteration and reference code in the 
associative word is not changed by this instruction. 

The entire address range (including bit addresses 
through 3FFF base 16) are acceptable inputs to the 
OF instruction. 



J///IKey 0J///SKey lJ///!Key 2:///5Key 3! Register R 

bit V 15 20 31 36 U7 52 63 

Bits l-3» 17-19, 32-35, and ttS-Sl of register R are 
not used by this Instruction. 

I J absolute bit address : Register T 

bit 15 16 63 

I I virtual address J Register S 

bit 15 16 63 

{ cont inued) 
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3.2.1.16 (cont'd) 

Bits and 16 of the key word must be appropriately 
set/clear to indicate the desired small page size. 

3.2.1.17 10 A &'♦ RG CONVERT BOG TO BINARY, FIXED LENGTH 

Convert the packed BCD number in register R to a 
signed (two's complement) binary number and place 
the result into the right-tiost ^8 bits of register 
T. The conversion is undefined for binary results 
greater than +(2**'+7)-i) or less than -((2**i+7); 
thus the largest decimal number that .uay be converted 
is ±l£*0t737,it88,355, 327. The ASCII/E3DIC sign code 
for the BCD number is in bits 60-63 of register R. 

Data flag bit 39 will be set for numbers outside 
this range. 

If the input number is not a valid BCD number, the 
results are undefined. Bits 0-l5 of Register T will 
be cleared to zero. 

3.2.1.18 11 A Sk RG CONVERT BINARY TO BCD, FIXED LENGTH 

Convert the right-most kd bits (two's complement 
binary number) of register R to a packed BCD number 
and place the result in register T. The result is a 
number having 15 digits ik bits per digit plus the 
sign in the lower bits - bits 60-63). The binary 
range is + ((2**'*7)-i) too -(2**'*7). During Job 
mode, the sign bits generated are conditioned by the 
ASCII/EBCDIC bit in the Job's invisible package. 
During monitor mode, only ASCII codes will be 
generated. 

3.2.1.19 12 7 Sk NT LOAD BYTE; (T) PER (S), (R) 

3.2.1.20 13 7 Sk NT STORE BYTE; (T) PER (S), (R) 

Load/store a byte from/into the address specified by 
(R) + (S), where (R) is the base address and (S) is 
an item count of bytes into/from bits 56 through 63 
of register T. The remaining bits of T are cleared 
on a load and ignored on a store. 
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3. 2.1.21 



I'* 



NT BIT COMPRESS 



Compress bit field R per length S into bit field T. 

The length in bits of segments in the source field 
to be transmitted to the destination field and the 
base address of the source field are found in the 
left-most 16 bits and the right-most it8 bits of 
register R, respectively. The length in bits of 
segments in the source field to be skipped is found 
in the left-most 16 bits of register S. The length 
and base acdress of the destination field are found 
in the left-most 16 bits and the right-most ^+8 bits 
of register T, respectively. 

Transmit from left to right a portion of the R field 
equal to length R to the T field and skip the number 
of R field bits equal to length S. This operation is 
repeated until the T field is exhausted. If the 
field length specified by R or T is zero, the 
instruction is treated as a no op. 

BASE ADDRESS R 



R Field 



T Field 



Rl 



SI 



R2 J 



S2 



! R3 J////I 



Slength RMength Sllength RSIength Sliength R ! 



i : i 



BASE ADDRESS T 

J 
w 



I 
J< 



Rl 



8 R2 

I ength T 



I 



R3I 



J 
I 



I 



/ 



Only this portion 
of R3 Is transmit- 
ted due to length 



3.2.1.22 15 7 1 NT BIT MERGE 

Merge bit fields R and S into bit field T. 

The length in bits of segments of the R field to be 
merged and the base address of the R field are found 



( cont inued) 
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3. 2.1.22 




Transmit from left to right a segment of the R field 
equal to length R followed by a segment of the S 
field equal to length S to field T. This operation 
Is repeated until the T field is exhausted. 

If bits 16 thru 63 of S are zerot logical zeros will 
be placed in their respective fields in the T field. 
If the field length specified by R» 3 or T is zero, 
the instruction is treated as a no-op. 

BASE ADDRESS 



FIELD R 



FIELD T 



Rl 



R2 



J J 

I <-l ength-> I 

i R : 

Portion of S2 not transferred 
IBASE ADDRESS _A_ 
V / \ 



FIELD SI Si I S2I///1 



it : 

l<-length->!<- length-> I 
S S 

BASE ADDRESS 

t 
I 

V 



Rl 



Si 



R2 



S2 



I ength T 



>J 
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3.2.1.23 



16 7 1 NT BIT MASK 

Mask bit fields R and S into bit^field T. 

The length in bits of segments of the R field to be 
^ashid and the base address of the R field are found 
,^ ^^g left-most 16 bits and the right-most '^S b^^s 
if registir R, respectively. The length Jn b. s of 
segments of the S field to be -"^^^^^^ ^"^ , ^"J^ ^^^^ ,, 
address of the S field are found m the left-mcst 16 
bits and the right-most ^8 bits of the S register, 
relpe^Mvely. The length in bits and ^he base address 
of the destination field are found in the _ I e f t-most 
16 bits and the right-most k& bits of register T, 
respect i ve I y . 

Transmit from left to right a ^ «f ^"\ ^^^"' '^ ' ^^'t' 
R starting at the base address ° %^ ^^ ' ^ . ^ , t^'^^^g/ * 
Next transmit to field T a segment of Field S equal 
to length S starting at the base address o S plus 
length R. The next segment of R is transmitted to 
ne?d T from address R plus length R Plus ength S. ) 
This operation is reoeated until the T field is 
exhausted. 

If bits 16 thru 63 of S are zero, ' °3ica I zeros wi I I 
be placeJ in their respective fields in the T f eld. 
If the field length specified by R, S, or T is zero, 
this instruction is treated as a no-op, 

iBASE ADDRESS 

V 



FIELD R I Rl ' 



R2 



S <-l ength-> I 

; R « 



IBASE ADDRESS 

V 



I <-l ength-> S 

I R \ 

Onl y this portion 
S2 is transmitted 
due to Length T. 

.A. 

/ \ 



of 



FIELD S I 



Si 



I 



S2l////' 



J <- I ength-> J 
S S ! 



! <- I engt h-> J 
! S J 
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3.2.1«23 



(Cont'd) 



:aASE ADDRESS 

V 



FIELD T J Rl S 



SI 



R2 



S2 J 



length T 



> J 



3.2.1.2'+ 
3. 2.1*25 
3.2.1.26 
3.2.1.27 
3.2.1.28 



17 
18 
19 
lA 
18 



ILLEGAL 
ILLEGAL 
ILLEGAL 
ILLEGAL 
ILLEGAL 



3.2.1.29 



IC 



NT 



FORM REPEA.TEO BIT 
ZEROS 



MASK WITH LEADING 



Form a repeated mask 
string of zeros folio 

The length (in bits) 
in the left-most l6 b 
(in bits) of the repe 
most 16 bits of regis 
the starting address 
left-most l6 bits and 
register T, respectiv 
when the T field is e 
than length S» the in 
length R is equal to 
formed. 



in field T. The mask is a 
wed by a string of ones. 



I 

J 



of the string of zeros is found 
its of register R. The length 
ated mask is found in the left- 
ter S. The length (in bits) and 
of field T are found in the 

the right-most kQ bits of 
ely. The instruction terminates 
xhausted. If length R is greater 
structlon is undefined. If 
length S, a string of zeros is 



STARTING BIT ADDRESS 



10 JO 10 JO 



SO JO 51 51 !t U 51 JO 50 «0 «0 '(J '° 'i ' 



- R --■ 
I ength 



length S 



- R - — 
I ength 



I 

>S 

I 



1 engt h T 



For length R equal to zero, a string of ^^t^H 
formed. For length S equal to zero, the instruction 



Is performed as a no-op. 
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3.2.1-30 



10 



NT FORM REPEATED BIT MASK WITH LEADING 
ONES 



Form a repeated mask in fiefd T. The mask is a 
string of ones followed by a string of zeros. 




eq 



ual to zero, a string of zeros is formed. 



VinVi 50S0 10 50 !o :o !o nnsi !o:o SO !o JO l^_llJllll 



lengt hS 

<- R->! 
■ 

<_---- length S 



I 



J S 
{ I engthJ 
!<-R-> S 
i ! 

•!< 

I 



length T 



I ength S 



>J 



3.2.1.31 



IE 



1 NT COUNT LEADING EQUALS 



The bits of field R, starting with the bit to the 
immediate right of the left-most bit of the fie d, 
are scanned from left to right until a bit unequal 
to the left-most bit is encountered. The 
the number of bits equal to the left most 
stored in the right-most bits of register 



c oun t of 
bit is 
T. 
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3.2»1-31 



(T) = 



3.2.1.32 



(Cont'd) 

0, ,h. field. The i^^f^c^'oVl^fld'b!? is'" ''*'"" 
a bit unequal fo the left-most ' ^'f "'' '^,,„ 

be the field length minus one. 

S — STARTING ADDRESS 

: (left-most bit) 

V 

• < — the count stored->! 

. .-- ^^ 

The entire T register is cleared before the count is 
stored into it. 

n + ci.o hit 5^ is cleared during initiation of this 
?n:trui?!on^Ind%h:n%et to a one if the left-^ost 
bit was a one. 



IF 



1 NT COUNT ONES IN 



FIELD R, COUNT TO (T) 



The 

a 
c 



bits of field R are scanned^from left to^right 



nd ;he number of binary one bits counted, 
ount is stored in the right-most bits of r 



egister T 




entire field has been scanned. 

The entire T register is cleared before the count is 

stored into it. 



3. 2.1-33 


20 


a 


32 


BR 


3.2»1»3'+ 


21 


8 


32 


BK 


3.2.1.35 


22 


8 


32 


BK 



BRANCH IF (R) 
BRANCH IF (R) 
BRANCH IF (R) 



EQ (S> (32 BIT FP.) 
NE (S) (32 BIT FP.) 
GE (S) (32 BIT FP.) 



- V, ^ T M P F f? T N G NO* 3710067Q 
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" SUPER COMPUTER OPERATIONS 

3.e.i.36 e3 » 3a br branch if .r. ut .s. .3e bit pp.. 

conditionally branch to the addre_ss In 6.-blt 
register T» 

R and S are 32-bit registers containing floating 
point operands. 

,,, S operand ^^ . -^^^^^ tre°:?erut t^rrMs'" '" 
branch decision xs ^^^^°"..;^",3;tpg point compare 
subtract according to the floating po 

rules" in 3.1.^»5. 
Data flagi bit hb, 

3.3.,.3. ^. 8 S. BR BRAHCH ^, .R, EO .S. <.. BIT FP . . 
3.2.1.38 25 8 6» BR BRANCH F R ^^, ,^^ ^j, Pp., 

?:^:i:Ja ^' « ^^ '« ^^*""" ^^ '^' '' ''' '" '" 

conditionally branch to the address in 6^-bit 
register T. 

R and S are 6^-bit registers containing floating 
point operands. 

^^,^H i< .subtracted from the R operand. 
The S operand is subtracTsu result of this 

r.bt^acracrri!rtrt:r-t?oa;^n/pointco™„are 
rules'* in 3.1«'*«5« 
Data flag bit 46. 
3.2.1.'*1 28 7 8 ^^T SCAN EQUAL 

scan field T indexed by ^;, ^R™, ^JU^.'st lo^ th" 
the first byte «^f ' J°,^f ^/the number of unequal 
scan and '--'^^^I'l^^J'^^^^ ,l%Zn6 equal to byte R, 
Thll inder?; ILrVelll.^y the nu.ber of bytes in 

\Z Llth in bytes of the -eration and base address 



of 



o. trperatVon^^e found in the le -.ost IS 
:;, the right-.ost '^^Ji^^^^^^^.l^Ht Register S 
respectively. The 'T^^^^'^^^ ^^^^ is found in the 
contains a signed ^;^^^^ • 3^^;%^ ?em count in bytes 
instruction Hord. Index i> is an 1 



(cont inued) 
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S.Z.l.'H (Cont*d) 

and is left-shifted three places before it is added 
to the base address. ^ 

Data flag bit 53 is set if no equal is found. 



3.2.1.^2 
3. 2.1. '♦3 



29 



ILLEGAL 



2A 6 ok RG ENTER LENGTH OF (R) WITH I US BITS) 



Transfer the right-most 16 bits of this 
to the left-most i& bits of register R. 



ins true t ion 
Leave the 



right-most 48 bits of register R unchanged. 



3.2.1.'*4 



23 



Sk RG ADO TO LENGTH FIELD 



Add bits QO through 15 of register R to bits k8 
through 63 of S and store the result in bits 00 
through i5 of register T. Bits 16 through 63 of 
register R are transferred to bits 15 through 63 
register T. 



of 



3.2.1.i»5 


2C 


1* 


ek 


RG 


LOGICAL 


EXCLUSIVE OR (R) , (S) , 


TO 


(T) 


3.2.1.'t6 


20 


I* 


&*♦ 


RG 


LOGICAL 


AND {R),(S), 


TO 


(T) 


s.a.i.'t/ 


2E 


I* 


su 


RG 


LOGICAL 


INCLUSIVE OR (R) , (S) ♦ 


TO 


(T) 



These instructions perform the indicated logical 
functions listed below. The function occurs bit by 
bit on the S^f-bit operands contained in the registers 
designated by R and S. The result in each case is 
stored in the register designated by T, 



S 




1 
1 



S 





1 



EXCLUSIVE OR 



1 
1 




AND 







1 



INCLUSIVE 



1 
1 
1 



OR 



If the R or S designators equal 
Hill contain machine zero. 



zero» register zero 
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3. 2.1. '+8 



2F 



BR REGISTER 3IT BRANCH AND ALTER 



Z.Z.I. 1*3 



This Instruction examines bit 63 of register T. As 
specified by the G designator a branch is made to 
the address contained in the right-most US bits of 
register S. The branch is made according to G bits 
Q and 1 as foil owsJ 



GO 



1 
1 



Gl 


1 

1 



do not branch 

branch unconditionally 

branch if the object bit was a one 

branch if the object bit was a zero 



After the branch decision has been made and regardless 



of what that decision was» the object bit is 
according to G bits 2 and 3 as follows: 



a I tered 



G2 G3 






1 
1 




1 



1 



do not alter the object bit 

toggle the object bit to the other 

state 

set the object bit to a one 

clear the object bit to a zero 



If the branch is to be taken* the branch address 
Hill be determined as follows* •'- 

G bit 5=0 Register S contains the branch address. 

G bit 5=1 Branch to the address formed by adding 
(G bit 6=0) or subtracting (G bit 6 = 
1) the S designator (used as a 
half-word item count) shifted left 5 
places to the orogram address register. 



30 



61* RG SHIFT (R) PER S TO (T) 



This instruction shifts the Sk-bif operand from the 
register designated by R and stores the result into 
the register designated by T. The S designator 
specifies the type and amount of the shift. If the 
S designator is in the range from through 3F base 
16 (0 through 63 base l0)» the operand from register 
R is shifted left end-around the number of specified 
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S.Z.l.'+g (Cont'd) 



places and then stored In register T. If the S 
designator is in the range from FF through Cl base 16 
(-1 through -63 base 10>» the operand from register T 
is shifted right with sign extension and then stored 
into register T. For this case» bit zero of the 
ooerand from register R is considered to be the sign 
bit of the shifted operand. The number of right 
shifts is equal to the two's complement of the S 
designator. If for example, S is equal to FE base 
16, the ooerand from register R shifts right two 
places. If the S designator is greater than 3F base 
16 or less than Ci base 16» the results of this 
instruction are undefined. 

If the R designator is equal to zero* register zero 
will provide machine zero. This instruction does not 
test for machine zero or indefinite or set any data 
f I ags. 



3.2.1.50 31 7 bk 3R INCREASECR) AND BRANCH IFCR) /^ Q 

Increment the contents of the right-most k8 bits of 
register R by one. The upper 16 bits of register R 
are not altered and arithmetic overflow is ignored. 

If the result from above is k8 zeros, go to the next 
sequential instruction. If the ifS-bit result from 
above is non-zero, branch to (S) + (T) where <S) is 
an item count of half-words and (T) is the base 
address. The resulting address for the branch is 
undefined if the R designator is equal to either the 
S designator or the T designator. 



3.2.1.51 32 9 1 BR BIT BRANCH AND ALTER 

Register S contains the address of the object bit. 
This instruction reads up the word containing the 
object bit and examines the bit. The branch is then 
made according to G bits and IJ 

GO Gl 

do not branch 

1 branch unconditionally 

1 branch if the object bit was a one 

1 1 branch if the object bit was a zero 

(continued) 
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3.2.1.51 (Cont'd) 

After the branch decision has been made and 
regardless of what that decision was, the object bit 
Is altered according to G bits 2 and 3 as follows: 



G2 G3 












1 


1 





1 


i 



do not alter the object bit 

toggle the object bit to the other 

state 

set the object bit to a one 

clear the object bit to a zero 



NOTEJ If GO and G2 and G3 = 0, do not reference the 
obj ect bit at all. 

If (Go = 1) and (G2 and G3 = 0) read, but do 
not write the object bit. 

If the branch is to be taKen, the branch 
address will be determined as followsJ 



G bit 5 = 1 



Branch to the address formed by 
adding (G bit 6 = 0) or 
subtracting (G bit 6=1) the T 
designator . (used as a half-word 
item count) shifted left 5 
places to the program address 
register. 



3.2.1.52 33 B 1 8R DATA FLAG REGISTER BIT' BRANCH AND 

ALTER 

I is a six-bit designator specifying an object bit in 
the data flag register. 

The object bit in the data flag register is examined 
and the decision to branch is made according to G 
bits and 1. 



GO 



1 
1 



Gl 


1 



1 



do not branch 

branch unconditionally 

branch if the object bit was a one 

branch if the object bit was a zero 
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ie 



After the branch decision has been made and 
regardless of what that decision was» the object bit 
is altered according to G bits 2 and 3 as follcwsJ 

G2 G3 

do not alter the object bit 

1 toggle the object bit to the other 

state 

1 set the object bit to a one 

1 1 clear the object bit to a zero 

Programmer NoteJ It is meaningless to try to g I ter 
bits in the product field (bits 0-15) since the 
product field is strictly a function of the 
appropriate data flag and flag mask bits. 

If the branch is to be taken* the branch address 
will be determined as followsx 

G Dit 5=0 Register T contains the branch 
address 

G bit 5=1 Branch to the address formed by 
adding (G bit 6 = 0) or 
subtracting (G bit 6=1) the T 
designator (used as a half-word 
item count) shifted left 5 
places to the program address 
register. 

Since the 33 instruction may begin execution without 
waiting until the machine has completed all 
operations (for example* the scalar divide's data 
flags may not have reached the Data Flag Register), 
the data flag bits may set on any minor cycle during 
or after execution of the 33 instruction. 
Consequently, any data flag bits that set after the 
object bit is sampled will not affect the operation 
of the 33 instruction, but will be retained in the 
Data Flag Register for follow on sampling. 



3.2.1-53 Zt* ^ 6^ RG SHIFT(R) PER (S) TO (T) 

This instruction shifts the SU-bit operand from the 
register designated by R and stores the result into 
the register designated by T, The register 
designated by S specifies the type and amount of the 

( cont i nued) 
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3.2.1.53 (Cont'd) , - *h. 

sMtt. If the rl..t-.ost .vta of ^^^^^^ ^ 

the range from ^»^^°^?^ J%eglster R Is shifted left 
base 10), the operand ^^^'^ ^^^^^^ P,3ees and then 
end-around the number of ^f ^^; '^ g^t-most byte of 
stored into register T. ^\121 ff through Cl base l6 
,,,,st.r S is in the -^f , ° //,3nd"r^. register . 
llKir^rSrZir^n.'ll.^ -tension -^^^;-",=,:-- 
i.to roister T. For thjs -^==;/^^:/^„ ,e the si9n 
ooerand from register R is '=°"^' ^ar of right 
„1, o. the Shitted ^^--^•.3^^:„^r«nt o. the 
shifts is equal to "^=.;"°/, j" the right-most Byte 
right-most Byte of '- = f'='^^„^-J„r, ess than Cl base 

• t. ^^ c ic nrpater than Sr o» ic^^ 
of register S Is gf^^are - ^^^ undefined. 

16. the results ^^^^^^^^^^^^reg ster S are ignored. 
The left-most seven bytes ot reyi 

I, the . designator is ^^«-' ,;;°3^t:;°;,:::rioh'doer not 
:il[:7'it' 'T::l.r.7-.^rirr indefinite or set 
any data flags. 

35 7 6^ 8R OECREASE IRl AND BRANCH IF (R) " 
Oecrement the contents of the ^i^^-m-; ^^.^^t^rl 
ZVllr.l.Vr.TV.. Trtthret^c^verf.o- is ignored. 

I, the result from above is ^^l^ZZlirr.l:,^' "oT' 
sequential instruction. :f the WS dl ^^__^ ^^^ ^^ 
a.ove is non-.ero, branch to <S) .^ ^^^ ^^^^ 

ar> item count of 1;^ ' "°"J,33 ,or the branch is 
address. The resulting address i either 

undefined if the R designator is equal 
th.S designator or the T designator. 

3 ,.,.55 36 r 6. BR BRANCH AND SET.R.TO NEXT INSTRUCTION 
Mter storing the address o, t|:ene><t sequential 
instruction into negisterR, branch ^^^ ^^ 

„„ere .S. is - '»- Z/^" ,°^^,' U of register R are 

ro^crd^toifr-r-Bii %? z:TJi.:ir,i'V.r s' '-' 

rst^rafo; ?;;e'r:sS,?rir?;u Insrructlon are 

undefined. 

(cont inuedJ 
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3.2.1.55 



3.2.1.56 



3.2.1.57 



(Cont'd) 

NOTEi If S=0, and R=T» this instruction sets 
register R to the half-word address of the next 
instruction and the program continues at the next 
instruction. This is a way to sample the program 
address register (P) . 



37 



S^f NT TRANSMIT JOB INTEVAL TIMER TO (T) 



Transmit the contents of the Job Interval Tinier into 
bits 32-63 of register T. Sits 0-31 are cleared to 
zero. The R and S designators are undefined and must 
be set to zero. This instruction does not deactivate 
the timer. 

When executed in Monitor Mode, the operation of this 
instruction is undefined. 

38 A Sk IN TRANSMIT (R BITS (00-15) TO T BITS 

( 00-15) 

Raplace the left-most 16 bits of register T with the 
left-most 16 bits of register R. 



3.2.1.58 



3.2.1.59 



39 



SI* NT TRANSMIT REAL-TIME CLOCK TO (T) 



Transmit the contents of the Real-Time Clock to bits 
16 through 63 of register T. Bits 00 through 15 are 
cleared. R and S must be zero. 



3A 



Si* NT TRANSMIT (R) TO JOB INTEVAL TIMER 



When executed in Job Mode» this instruction transmits 
bits 32 through 63 of 6i»-bit register R to the Job 
Interval Timer. S and T must be zero. (See Sections 
3.1.6.3 and 3. 1.8.3) . 

When executed in Monitor Mode, this instruction 
performs as a no-op. 



3.2.1.60 



33 



Sk 8R OATA FLAG REGISTER LOAD/STORE 



Transfer the contents of register R to the data flag 
register and the original contents of the data flag 
register to register T. The transfer to and from the 
data flag register will not occur until all 
outstanding operations that affect the data flags are 

( cont inued) 
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3.2.1.60 (Cont'd) 

completed. This is not true for the Job Interwal 
timer and breakpoint inputs. The S designator is 
undefined and must be set to zero. The R and T 
designators may be the same and this will swap data 
flag packages. 

NOTEt An immediate data flag branch results at the 
termination of this instruction if the new 
contents of the data flag register meet the 
approoriate conditions. 



3.2-1.61 



3.2.1.62 



3C 



32 NT HALF HORO INDEX MULTIPLY (R) *( S ) TO (T) 



The right-most 2k bits of register R and S contain 
signed, two's complement integers. Their product is 
formed and stored into the right-most 2^ bits of 
register T. The left-most 8 bits of register T are 
cleared to zeros. 

If the product or either operand exceeds the value, 
±((2**23)-l) the result is undefined. 



30 



bi* NT INDEX MULTIPLY (R)*(S) TO (T) 



The right-most k8 bits of registers R and S contain 
signed, two's complement integers. Their product is 
formed and stored Into the right-most ^8 bits of 
register T. The left-most i6 bits of register T are 
cleared to zeros. 

If the product of either operand exceeds the value, 
♦,( (2**t»?)-l) the result is undefined. 



3.2.1.63 



3E 6 bi* IN ENTER(R) WITH I (16 BITS) 

Clear register R and transfer the right-most i6 bits 
of this instruction to the right-most 1*8 bits of 
register R (the sign of the l6-bit immediate operand 
is extended through bit 16). 

3.2.1.6U 3F 6 St* IN INCREASE(R) BY I ( l6 3ITS) 

Replace the right-most i*& bits of register R by the 
sum of those bits and the right-most 16 bits of this 
instruction (the sign of the i&-bit i;T!rrredla t e operanc 

( cont i nued) 
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3.2.1.6^ (Cont'd) 

Is extended through bit 16 for-the addition) 
Arithmetic overflow is ignored. 



3.2.1.65 


^0 


k 


32 


RG 


ADO U; (R)+(S) 


TO 


(T) 


3. 2.1.66 


^1 


I* 


32 


RG 


ADO L; (R)+(S) 


TO 


(T) 


3.2.1.67 


kZ 


k 


32 


RG 


ADD n; (R) +(S) 


TO 


(T) 


3. 2.1.68 


^♦3 








ILLEGAL 






3.2.1.69 


kh 


k 


32 


RG 


SUB u; (r)-(S) 


TO 


(T) 


3. 2.1.70 


(*5 


«♦ 


32 


RG 


SUB l; (r)-(S) 


TO 


(T) 


3.2.1.71 


i*S 


k 


32 


RG 


SUB n; {r)-{S) 


TO 


(T) 


3.2.1.72 


1*7 








ILLEGAL 






3.2.1.73 


«t8 


k 


32 


RG 


MPY U; (R)*(S) 


TO 


(T) 


3.2.1.7i+ 


k3 


I* 


32 


RG 


MPY L; (R)*(S) 


TO 


(T) 


3.2.1.75 


4A 








ILLEGAL 






3.2.1.76 


ka 


I* 


32 


RG 


MPY S; (R)*(S) 


TO 


(T) 


3.2.1.77 


kC 


i» 


32 


RG 


Div u; (R)/(S) 


TO 


(T) 



These instructions oerform the indicated floating 
point arithmetic operation on the 32-bit floating 
point operands contained in the registers designated 
by R and S. The result in each case is stored in the 
register designated by T. 

U signifies that the Upper Result of the opeation is 
returned; L signifies the Lower Result; S signifies 
the Significant Result? and N signifies the 
Normalized Upper Result. 

Data flagst bits ^tl, k2i W3 and kS 



3.2.1.78 



3.2.1.79 



kO 



32 IN HALF WORD ENTER R WITH I(l6 BITS) 



Clear register R and transfer the right-most i6 bits 
of this instruction to the right-most 2^* bits of 
register R {the sign of the l6-bit immediate operand 
is extended through bit 8). 



kE 



32 IN HALF WORD INCREASE R BY I ( l6 BITS) 



Replace the right-most 2^+ bits of register R by the 
sum of those bits and the right-most i6 bits of this 
instruction (the sign of the 16-bit immediate operand 
is extended through bit 8 for the addition). 
Arithmetic overflow is ignored. 
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3.2.1.80 



t*F 



32 RG DIV S; (R)/(S) TO (T) 



3.2.1.81 



This instruction performs a Divide Significant 
operation on the 32-bit floating point operands 
contained in the registers designated by R and S. 
The result is stored in the register designated by T. 

Data flags: bits '♦i, kz, i*3 and 46 

50 A 32 RG truncate; (R) TO (T) 

Transmit to destination register T the nearest 
integer whose magnitude is less than or equal to the 
32-bit floating point operand in origin register R. 
This integer is represented as an unnormalized 32-bit 
floating point number having a positive exponent. 

If the exponent of the source operand is positive 
(greater than or equal to zero) , the operand is 
transmittec directly to the destination register. 



If the exponent of t 
the magnitude of the 
off, and the exponen 
bit position shifted 
Zeros are extended o 
the coefficient of t 
the shifted coeffici 
into the destination 
the source operand i 
of the shifted coeff 
entered into the des 



he source operand is negative, 

coefficient is shifted rignt end 
t is increased by one for each 

until the exponent becomes zero, 
n the left during the shift. If 
he source operand is positive, 
ent with zero exponent is entered 

register. If the coefficient of 
s negative, the two's complement 
icient Mith zero exponent is 
tination register. 



If machine zero is used as an operand, 32 
returned as a result. 



zeros are 



3.2.1.82 



Data flagt bit kS 



51 



32 RG floor; (R) TO (T) 



Transmit to destination register T the nearest 
integer less than or equal to the 32-bit floating 
point operand in origin register R. This integer is 
represented as an unnormalized 32-bit floating ooint 
number having a positive exponent. 

If the source operand's exponent is positive (greater 
than or equal to zero), the operand is transmitted 
directly to the destination register. 
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3.2.1.82 (ConfdJ 

If the exponent of the source operand is negative* 
the coefficient is shifted right end off and the 
exponent is increased by one for each bit position 
shifted until the exponent becomes zero. Sign bits 
are extended on the left during the shift. The 
shifted coefficient with zero exponent is entered 
into the destination register. 

If machine zero is used as an operand* 32 zeros are 
returned as a result. 

Data f I agi bi t U6 



3.2.1.83 52 A 32 RG CEILING;(R) TO (T) 

Transmit to destination register T fne nearest 
integer greater than or equal to the 32-bit floating 
point operand in origin register R, This integer is 
represented as an unnormalized 32-bit floating point 
number having a positive exponent. 

If the source operand's exponent is positive (greater 
than or equal to zero), the operand is transmitted 
directly to the destination register. 

If the exponent of the source operand is negative, 
the two's complement of the coefficient is shifted 
right end off and the exponent is increased by one 
for each bit position shifted until the exponent 
becomes zero. Sign bits are extended on the left 
during the shift. The two's complement of the shifted 
coefficient with zero exponent is entered into the 
destination register. 

If machine zero is used as an operand, 32 zeros are 
returned as a result. 

Data flagJ bit t*b 



3.2.1.84 53 A 32 RG SIGNIFICANT SQUARE ROOT? (R) TO (T) 

Transmit to 32-bit register T the square root of a 
32-bit floating point operand in register R. 

Data flags: bits kZ t ^5 and tf6 
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3.2.1.35 5h k 32 RG ADJUST SIGNIFICANCE; (R) PER (S) 

TO (T) 

Adjust the significance of the floating point operand 
in register R and transmit it to result register T. 

A signed* two's complement* integer is contained in 
the right-most Zk bits of register S. The absolute 
value of this integer is a shift count. 

If the shift count is positive* shift the operand's 
coefficient left the number of places soecifiec by 
the shift count or by the number of shifts needed to 
normalize the coefficient* whichever is smaller. In 
either case* the exponent of the operand is reduced 
by one for each place actually shifted. An all zero 
coefficient will be shifted left the number of places 
speci f i ed. 

If the shift count is negative, shift the operand's 
coefficient right the number of places specified by 
the shift count and increase the exponent of the 
operand by one for each place shifted. If R is 
indefinite* T will be Indefinite and data flag bit 
*+& is sat. If R is machine zero, T will be machine 
zero and data flag bit '♦3 will be set. 

This instruction is undefined if the absolute value 
of the shift count is greater than 23 base 10. Note 
that the addition of the shift count can cause either 
exponent overflow or exponent underflow. 

Data flags* bits k2y h3 and i*6 



3.2.1.36 55 k 32 RG ADJUST EXPONENT; (R) PER (S) TO (T) 

Transmit the adjusted operand from register R to 
result register T. The exponent of the result is set 
equal to the exponent of the operand in register S. 
The coefficient of the result is formed by shifting 
the coefficient of the operand from register R. 

The shift count used is the difference between the 
exponents in registers R and S. If the exponent in 
register R is greater/less than the exponent in 
register S, the shift is to the left/right, 
respectively. For zero coefficients in register R, 
the exponent from register S is copied to register 
T with an all-zero coefficient. 

{ cont inued) 
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3. 2.1.86 



(Cont'd) 

If a left shift exceeds the nun^ber of places required 
for normalization* the result is set to indefinite» 
and data flag bit kZ is set. If either or both 
operands are indefinite or machine zero* the result 
is set to indefinite. In this case, data flag bit i»6 
is set and data flag bit kz is not set. 

Data flags* bits kz and ^+6 



3.2.1.87 



56 



32 NT SELECT LINK 



For certain vector operations (See Table l) « this 
instruction provides the ability to combine two 
vector operations into one single operation. The 
link instruction accomplishes this by chaining the 
output of the first vector's function to one of the 
inputs for the second vector's function. The link 
instruction must be followed immediately by the two 
vector instructions to be linked such asJ 



1 

f 


56 ! R J S IT 


1 










1 

I 

t 


Fl { Gl ! Xl 1 Al 


Yl 


Bi 


Zl 


Cl 


I (C + 1) 1 J 


I 


F2 1 G2 .' X2 : A2 


Y2 


B2 


Z2 


C2 


1 (C + l)2 i 



The entire operation will be do 
function Fl preceding function 
C2» (C*-l)2 and G2 bits i, 2 wil 
the output stream and designato 
Gl bits 1* 2 will be ignored, 
vectors there can only be two i 
and one B> with one broadcast v 
stream with two broadcast value 
Which streams and which broadca 
are specified by Gl bits 3» «♦ ? 
vector instructions and R bits 
Instruction. See Table 2 for p 



ne as one vector with 
F2. Designators Z2» 
I be used to specify 
rs Zl, Cl, (C + Dl and 
Between the two 
nput streams (one A 
a I ue or one input 
s (one A and one B) . 
st values are selected 
G2 bits 3, k of the 
3, k of the I ink 
ossible combinations. 



The two inputs to the first function Fl are Al 
(selected by designators Xl, Al and Gl bit 3) and 8i 
(selected by designators Yl, Bl and Gl bit k) , The 
two inputs (12 and J2) to the second function (F2) 
are the output of Fi and either input A2 (selected by 
designators X2» A2 and G2 bit 3) or input 82 
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3.2.1.87 (Cont'd) 

(selected by designators Y2t B2 and G2 bit t» ) . The 
inout configuration to F2 is determined by R bits 3 
and I* of the link instruction. 



J R bits {State 



Interpretations 



3,k 



J 

I 0-2 
! 5-7 



J 00 



01 



10 



1 11 



Pass 



Select A2->I2, Fi->J2 and ignore 32 



Select 82->J2t Fl->12 and ignore A2 



Select Fl->12 and F1->J2 and ignore 
82 i A2 



I 

{Undefined and must be set to zero 



Stream A 



SORS 

>} ! 

t i 



Broadcast > 



Ail 



I 



— S Fl 

Broadcast >l ORl 

t ; 
< • 

>J8l} 



Stream B 



•>!0R ! 



1 : 

8roadcast-> ; A2 J 



8roadcast-> I OR I 



■>{B2 S 



lORi 



---> 



I2J 



--! F2 



lORJ 

>S J 

I • 
t « 

>! J2} 



STREAM C2 
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3. 2.1.87 



(Cont'd) 



o Gl bit and G2 bit fnust be equal, 
o Gl bits 5-7 apply to Fl. 
o G2 bits 5-7 apply to F2 . 

o S and T designators of I inK are undefined 
and must be set to zero. 

TA9L £ t 

Instructions that can be used in a I inK operation. 



I FIRST VECTOR CFl) 
J 



SECOND VECTOR (F2) 



♦ 1 Instruct i on 



* JInstruction 
• — J 



1 S3A 



1 58A 



2 !90 



2 J 90 



3 {38,39,33 



3 138,89,33 



580, 81, 82, 83, 8«+, 85, 86 
k 587,90,91,92 



!80,81,82,83,8it,35,86 
t* 187,90, 91, 92, C«*,C5, 
JC6,C7 



♦ Functional unit number whereJ 

1. Array shift 

2. PacK, Exponents, Array Logical 

3. Array Mu I t ip I y 
k. Array Add 

The operation is undefined if the instructions 
selected for Fl and F2 have the same functional 
unit number. 
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3.2.1.87 



3. 2.1.88 



(Cont'd) 



TAgU£ 2 



Combinations of R, Gl, and G2 bits 3 and k that can 
be sel ected. 











R 


Bit 


s 3, 


r^ = 


015R 


Bits 


3 


,«+= 


108R 


Bits 3 


,«t=lll 


!G1 


Bit 


3 


= 


10 


1 


1 


1 


OiO 








1 


l!0 





1 


1 i 


SGl 


Bit 


it 


= 


'0 








1 


no 


1 


1 


1 


0! 


1 





1 ! 


IG2 


Bit 


3 


= 


ii 





1 





1? 











0! 








! 


iG2 


Bit 


k 


= 


10 











Oil 





1 





ISO 








! 



Comb 

resu \ ts. 

57 



inations other than above produce undefined 



ILLEGAL 



3.2.1.89 58 A 32 RG TRANSMIT; (R) TO (T) 

Transmit the operand in 32-bit register R to 32-bit 
register T. 

3.2.1.90 59 A 32 RG ABSOLUTE; (R) TO (T) 

Transmit the absolute value of the 32-bit floating 
point operand in register R to register T. 



3.2.1.91 



5A 



32 RG EXP.; (R) TO (T) 



Transmit the exponent from the !eft-most 8-bit 
positions of the origin register R to the right-most 
a-bit positions of destination register T. The sign 
of the exponent is extended through bit 8 of 
destination register T, the left-most 8 bits of the 
destination register are cleared to zeros. 



3.2.1.92 



5B 



32 



RG pack; (R)» (S) to (T) 



Transmit a 32-blt floating point numoer to the 
destination register T. The exponent of the number 
is obtaineo from the right-most 8-bit oositions of 
register R and the coefficient is obtained from the 
right-most 2£*-bit positions of register S. 
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3.2.1.93 



3.2.1.9'+ 



50 



B RG 



extend; 32 BIT(R) TO ok BIT(T) 



Extend the floating point number, from 32-bit register 
R into a 6««-bit floating point number and transmit 
the result to 6^-bit register T. The v/alue of the 
resulting l6-bit exponent is 2^ less than that of 
the origin operand's exponent. The coefficient is 
obtained by transmitting the right-most 2^+ bits of 
the origin register into bits 16 through 39 of the 
destination register. The right-most Zk bits of the 
destination register are cleared to zero. 



is inaefinite, T Mill be indefinite and data 

set. If R is machine zero, T 

data f I ag bit ^+3 will be set. 



If R 

flag bit £+6 will be 

will be machine zero 



and 



Data flag* bit '♦3 and kb 



50 A B RG INDEX EXTEND; 32 BIT(R) TO 6«t BIT(T) 

Extend the floating point number from 32-bit register 
R into a &H-bit floating point number and transmit 
the result to 6£+-bit register T. The value of the 
resulting l6-bit exponent is the same as the origin 
operand's exponent. The coefficient is obtained by 
transmitting the right-most Zk bits 
register into bits 4 through 63 of 
register. Bits 16 through 39 of the 
register are set to the sign of the 
coe f f ic ient . 



of the origin 
the destination 
dest inat ion 
origin 



is indefinite, T will be indefinite and data 

be set. If R is machine zero, T 

and data flag bit ^+3 will oe 



If R 

f I ag bit £+6 will 

will be machine zero 



set. 



Data f I agJ bit 43 and 46 



3.2.1.95 


5E 


7 


32 


NT 


3.2.1.96 


5F 


7 


32 


NT 



load; <T) PER (S), (R) 

store; (F) per (S) , (R) 

Load/store 32-bit register T from/into the address 
specified by (R) * IS) where IR) is the base address 
and (S) is an item count of half-words. Note that S 
and R are 64-bit registers and that the item count 
is shifted left five places before the addition. 
Overflow from this addition is ignored, if it occurs. 
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3.2.1.97 60 I* 6^ RG ADO UJ (R)>(S) TO (T) 

3.2.1.98 61 i* Sk RG ADD L? (R)-»-(S) TO (T) 

3.2.1.99 62 «♦ St* RG ADD N; {R) + <S) TO (T) 

These instructions perform the indicated floating 
point arithmetic operation on the S^f-bit floating 
point operands contained in the registers designated 
by R and S. The result in each case is stored in the 
register designated by T. 

U signifies that the upper result of the operation is 
returned? L signifies the lower result; and N 
signifies the normalized upper result. 

Data ftagst bits kz, kz and ^+6 

3.2.1.100 63 k eu RG ADO ADDRESS? (R)+(S) TO (T) 

This instruction adds bits 16 through 63 of register 
R to bits 16 through 63 of register S and stores the 
result in bits 16 through 63 of register T. Bits 16 
through 63 are treated as tfS-bit, positive, unsigned 
integers. Arithmetic overflow is ignored. Bits 
through ±5 of register R are transferred without 
modification to bits through 15 of register T. 



3.2.1.101 


Sh 


«♦ 


SI* 


RG 


SUB U; {R)-(S) 


TO 


(T) 


3. 2.1.102 


65 


k 


Si* 


RG 


SUB L? (R)-{S) 


TO 


tT) 


3.2.1.103 


66 


k 


St* 


RG 


SUB N? (R)-(S) 


TO 


IT) 



These instructions perform the indicated floating 
point arithmetic operation on the 6i+-bit floating 
point operands contained in the registers designated 
by R and S. The result in each case is stored in the 
register designated by T. 

U signifies that the upper result of the operation is 
returned? L signifies the lower result? and N 
signifies the normalized upper result. 

Data flags: bits 'f2» ^3 an i*S 

3.2.1.10'* 67 if 6«* RG SUB ADDRESS? (R)-{S) TO (T) 

This instruction subtracts bits 16 through 63 of 
register S from bits 16 through 63 of register R and 
stores the result in bits 16 through 63 of register 
T. Bits 16 through 63 are treated as «*8-bit, positive 
unsigned integers. Arithmetic overflow is ignored. 
Bits through 15 of register R are transferred 
without modification to bits through 15 of 

^ I ^ *■ ^^ T 
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b [ 

3.2.1.105 


J K t 
68 




c 
6'* 


U M 
RG 


3.2.1.106 


69 


k 


Sk 


RG 


3.2.1.107 


6A 








3.2.1.108 


68 


k 


ek 


RG 


3.2.1.109 


6C 


t* 


Sk 


RG 



COMPUTER 



OPERATIONS 



3.2.1.110 



MPY U; (R)*{S> TO (T) 

MPY L; (R)»(S) TO (T) 

ILLEGAL 

MPY S; {R)*<S) TO (T) 

DIV U; (R)/(S) TO (T) 



These instructions perform the indicated floating 
point arithmetic operation on the 6'+-bit floating 
point operands contained in the registers designated 
by R and S. The result in each case is stored in the 
register designated by T. 

U signifies that the upper result of the operation is 
returned; L signifies the lower result; S signifies 
the significant result. 

Data flags! bits tfl, hZ, k2 and kb 

60 t* bk RG INSERT BITS? ( R) TO (T) PER (S) 

This instruction inserts the right-most bits of the 
register designated by R into the register 
dasi gnat ed by T . 



Reg R 




INSERT 



A 
I 



Reg T 




A 

I 

bit n 



♦ These bits are unaltered 
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3.2.1.110 



(Cont'd) 



Reg S 



! n 



I 



m 



9 10 



I 0- 



15 16 



57 58 



63 



■Bits 10 through 15 of the register soeclfied by S 
contain the number (m) of right-most bits to be 
inserted. The right-most 6 bits of register S specify 
the the bit number (n) in register T where the left- 
most bit of the inserted data will be placed. aits 
through 9 and 16 through 57 of register S are 
undefined and must be set to zero. 

If the R designator is equal to zero, then register 
zero will provide machine zero. If m plus n is 
greater than 6'»rD], or if m is equal to zero, the 
results of this instruction are undefined. 

3.2.1.111 6E k St* RG EXTRACT BITS? (R) TO (T> PER (S) 

This Instruction extracts bits from the register 
designated by R and stores them into the right-most 
portion of the register specified by T. Register T 
is cleared before receiving the extracted bits. 



I 

Reg R J 



m 



bits 



I 
J 



bit 
n 



A 

I 



EXTRACT 



Reg T 1 o- 
l 



n J 
< >, 

bits : 
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3.2.1.111 



(Cont'd) 



Reg S 







m 



J 

I 0- 



n 



3. 2.1.112 



3.2.1.113 



9 10 



15 16 



57 58 



63 



Bits 10 through l5 of the register soecified by S 
contain the number (m) of bits to be extracted from 
register R, The right-most 6 bits of register S 
specify the left-most bit number of the extracted 
bits. Bits through 9 and l6 through 57 of register 
S are undefined and must be set to zero. 



If the R designator is equal to zero, register zero 
•Hill provide machine zero. If m plus n is greater 
than e^itO], or if m is equal to zero, the results 
this Instruction are undefined. 



of 



6F 



Sk 



RG DIV S; {R)/(S) TO (T> 



This instruction performs a Divide Significant 
operation on the 6^-bit floating point operands 
contained in the registers designated by R and i*- 
The result is stored in the register designated by i. 

Data flags: bits «♦!, ^2» '*Z and kS 



70 



6^ RG truncate; (R) to (T) 



Transmit to destination register T the nearest 
integer whose magnitude is less than or equal to the 
magnitude of the Stt-bit floating point operand in 
origin register R. The integer is represented as an 
unnormalized St^-bit floating point number having a 
positive exponent. 

If the exponent of the source operand is positive 
(greater than or equal to zero), the operand is 
transmitted directly to the destination register. 

If the exponent of the source operand is negative, 
the magnitude of the coefficient is shifted right 
end off and the exponent is Increased by one for each 
bit position shifted until the exponent becomes zero. 
Zeros are extended on the left during the shift. If 
the coefficient of the source operand is positive. 
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3.2.1-13 



tne Shitted coefficient ^^^^ -^ -rcrefflcirnrof 
into the destination ^egijjf^' ^!.e two's compl ement 
the source operand is negative, the two s ^« ^^ 
of the shifted coefficient with zero exponent xs 
entered into the destination register. 



If a machine zero is used as an 
returned as a result. 



operand, 6«* zeros are 



Data flag: bit '♦e 



3.2.1.11'» 71 A 6^ RG floor; (R) TO (T) 



Trans.it to destination -^jf ^^.r^^r f ^oft ing 
integer less than or equal ^^J^^^^* °'^' integer is 
ooint operand in origin ^^f^^^^^.^'/'^^eMng point 
represented as an unnorma I ized 6^ bit Tloari 
number having a positive exponent. 

directly to the destination register. 

^* r.f th«> <^ource operand is negative, 

exponent is increasea oy "' raro. Sign bits 
shifted until the exponent becomes zero. ^'■^' 
^ri extended on the left during the ^J^ t'^J^^,, 
sh!f?ed coefficient with zero exponent is entered 
into the destination register. 

If a machine zero is used as an operand, 6. zeros are 
returned as a result. 

Data flag: bit J+e 



3.2.1.115 72 « 6. R5 ceiling; <R) TO (I) 



Transmit to destination -9lst.r j '"l^^.^^'j^fl^^i^, 

number having a positive exponent, 
directly to the destination register. 
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3.2.1.115 (Cont'd) 




destination register. 



If machine zero is used as an operand, 6^ zeros are 
returned as a result. 

Data flag* bit kS 



3.2.1.116 



3.2.1.117 



73 



Sk 



RG SIGNIFICANT SQUARE ROOT; (R) TO (T) 



Transmit to register T the square root o 
floating point operand in register K. 

Data f lags: bits kZ , k5 and k?, 



f the e^t-bit 



7k 



, &^ RG ADJUST significance; (R) per (S) TO (T) 

Adlust the significance of the floating point operand 
tn register R and transmit It to result register T. 

A signed, two's complement integer is contained in 
the right-most ^,8 bits of register S. T^^, ^^^° '^r 
vatue of this integer is a shift count. The left 
most 16 bits of register S are ignored. 

If the shift count is positive, shift the operand's 

speci f ied. 

If the shift count is negative, shift the operand's 
Joe ftctent right the number of places specif ed by 
thlshift coun? and increase the exponent of the 
operand by one for each place shifted. 
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iCONTROL DATA : 
5 Corporation I 



SUPER 



ENGINEERING 
SPECIFICATION 



COMPUTER 



NO. 37100670 
DATE Jan.* 1930 
PAGE 122 
REV. A 



OPE RATIONS 



3. 2.1.117 



(Cont'd) 

This instruction is undefined if the absolute value 
of the shift count is greater than^i»7[0]. Note that 
the addition of shift count can cause either exponent 
overflow or exponent underflow. 



If R is indefinite, T Hill be definite and data flag 
bit kit will be set. If R is machine zero» T will be 

be set. 



is indefinite. Twill 
bit kit will be set. If R is machine z 
machine zero and data flag bit '+3 will 

Data flagst bits kZ , kZ and kb 



3.2.1.118 75 k Sk RG ADJUST EXPONENT; (R) PER (S) TO (T) 

Transmit the adjusted operand from register R to 
result register T. The exponent of the result is set 
equal to the exponent of the operand in register S. 
The result is formed by shifting the coefficient of 
the operand from register R. 

The shift count used is the difference between the 
exponents is register R and S, If the exponent in 
register R Is greater/less than the exponent in 
register $♦ the shift is to the left/right, 
respectively. For zero coefficients in register R» 
the exponent from register S is copied to register T 
with an all-zero coefficient* 

If a left shift exceeds the number of places 
required for normalization, the result is set to 
indefinite and data flag k2 Is set. If either or 
both operands are indefinite or machine zero, the 
result is set to indefinite. In this case, data flag 
bit V6 is set and data flag bit kZ is not set. 



3.2.1.119 



76 



B RG contract; Si* BIT (R) TO 32 BIT (T) 



Contract the S^t-bit floating point number from 
register R into a 32-bit floating point number and 
transmit the result to 32-bit register T. 



( cont inued) 
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3.2.1.119 



3.2.1.120 



(Cont'd) 

7FFF 
t 

7000 



Result Indefinite 
Indefinite Data Flag kb 



6FFF 
: 

0058 



0057 
X 
} 
X 

FF78 



Result Indefinite 
Data Flag ^f 2 » ^6 



Result exponent 2^+10] larger 
than input exponent 
Copy left-most Zk bits of 
input coefficient 



FF77 
X 

8000 



Result machine zero 
Data Flag ^+3 



The 2't-bit result coefficient is copied from the 
left-most Zk bits of the t^a-bit source coefficient 
(bits 15 through 39). This has the effect of 
contracting all negative source coefficients, whose 
absolute values (neglecting the exponent) were less 
than or equal to (2**2'*). to a minus one. 



Data flags; bits ^2 » '♦S and «♦& 



77 



8 RG ROUNDED CONTRACT? 
(T) 



6tf BIT (R) TO 32 BIT 



Perform a rounded contract operation on the S^f-bit 
floating point number in register R and transmit the 
32-bit floating point result to 32-bit register T. 
A positive one is added to the origin operand m bit 
position kQ. If overflow occurs the exponent is 
increased by one and the coefficient is shifted right 
one place. The left-most 2k bits of this (tS-bit sum 
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3.2.1.120 (Cont'd* 

k are then transmitted to the 2£t-bit coefficient 

portion of register T. Each non-endcase result 
element's 8-bit exponent is 2'trDl {25[0] if overflow 
occurred) greater than the corresponding source 
element's exponent. 

Data flags! bits £+2» ^3 and t+6 



3.2.1.121 78 A hk RG TRANSMIT? (R) TO (T) 

Transmit the e^^-bit operand in register R to 
register T. 



3.2.1.122 79 A 6^+ RG ABSOLUTE; <R) TO (T) 

Transmit the absolute value of the e^t-bit floating 
point ooerand in register R to register T, 

Data flags: bits '♦2, ^Z and i+6 



3.2.1.123 



7A 



&it RG EXP.; (R) TO (T) 



Transmit the exponent from the left-uost 16-bit 
positions of origin register R to the right-most 
16-bit positions of destination register T. The 
of the exponent is extended through bit i6 of 
destination register T. The left-most 16 bits of 
destination register are cleared to zeros. 



Sign 
the 



5.2.1.12tf 78 t* hk RG pack; (R), (S) TO (T) 

Transmit a 64-bit floating point number to 
destination register T. The exponent of the number 
is obtained from the right-most 16-bit positions of 
register R, and the coefficient is obtained from the 
right-most 48-bit positions of register S. 



3.2.1.125 



7C 



64 RG length; (R) to (T) 



Transmit the left-most i6-bit positions of origin 
register R to the right-most i6-bit positions of 
destination register T. The left-most 48 bits of the 
destination register are cleared to zeros. 
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3.2.1,126 



70 7 bt* NT swap; S- 



■>T AND R- 



>S 



Move to destination fieJd T, a portion of the 
register file beginning at the S^t-bi^t register 
specified by the right-most eight bits of register S. 
Transmit source field R to the register file 
beginning at the 6'+-bit register specified by the 
right-most eight bits of register S. 

The left-most 16 bits of register R and T specify 
the field length in words for the source and 
destination fields, respectively. The field lengths 
of the source and destination fields may be different 
but each must be even. A zero field length indicates 
no transfer for that field. Any transfer of words 
into or out of the register file that becomes 
exhausted of registers (i.e.* beyond the bounds of 
the register file), causes the instruction to become 
unde f ined. 

The right-most k& bits of registers R and T specify 
the base address of the source and destination 
fields, resoec t i ve I y . These addresses must specify 
an even 6^-bit word in central storage. Bits 57 
through 63 of register R and T are undefined and must 
be set to zero. Overlap of the source and destination 
fields is allowed only if the base addresses for both 
f i e I ds are equa I . 

Registers R» S, or T, may be in the range of the 
registers being swapped. 

The starting register in the file specified by the 
right-most eight bits of the register specified by S 
must be an even register or this instruction will be 
treated as an undefined instruction. For additional 
material see Section 3*1.7 on the Register File. 



3.2.1.127 
3.2.1.128 



7E 7 6t* NT load; (T) PER (S), (R) 
7F 7 6if NT store; (T) PER (S), (R) 

Load/store S^f-bit register T from/into the address 
specified by (R) + (S) where (R) is the base address 
and (S) is an item count of words. 



3.2.1.129 
3.2.1.130 



80 
81 



£ 
E 



VT 
VT 



ADO u; 
ado l; 



A + 3 >C 

A+B >C 
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3. 2.1.131 



82 



VT ADO N; A+8 >C 



These instructions perform the" Indi cated floating 
Dolnt arithmetic operations on elements of vectors 
A and B. The results are stored into vector C. 

U Signifies that the upper result of the operation is 
returned; L signifies the lower result and N 
signifies the normalized upper result. Sign Control 
is permitted, see 3.1.^.9 for details. 

Data flags: bits kZ y kZ and kS 



3.2.1.132 83 1 Sk VT ADD ADDRESS; A+8 >G 

This instruction adds bits l6 through 63 of the 
elements of the B vector to bits 16 through 63 of 
the eleiients of the A vector and stores the results 
in bits 16 through &3 of the elements of the C 
vector. 3its 16 through 63 are treated as k-S bit, 
positive, unsigned integers. Arithmetic overflow 
is ignored. Sits through 15 of the elements of 
the A vector are transferred without modification 
to bits through 15 of the elements of the C vector. 
Bit 0, 5, 6, and 7 of the G designators must be set 
to zero. 



3.2.1.133 
3.2.1.13^ 
3.2.1.135 



8i» 1 E VT SUB U; A-8 >C 

85 1 E VT SUB L; A-B >C 

86 1 E VT SUB N; A-3 >C 



These ooerations perform the indicated floating point 
arithemtic operations on elements of vectors A and 8. 
The results are stored Into vector C. 

U signifies that the upper result of the operation is 
returned; L signifies the lower result; and N 
signifies the normalized upper result. Sign Control 
is permitted, see 3.1.^.9 for details. 



Data flags* bits kZf it3 and Wb 
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3.2.1.i36 87 1 ok VT _ SUB ADDRESS? A-B >C 

This instruction subtracts bits 16 through 63 of the 
elements of the B vector from bits 16 through 63 of 
the elements of the A vector and stores the results 
in bits i& through 63 of the elements of the C 
vector. Bits 16 through 63 are treated as ^8 bit, 
positive, unsigned integers. Arithmetic overflow 
is ignored. Bits through l5 of the elements of the 

A vector are transferred without modification to 

bits Q through 15 of the elements of the C vector. 

Bit 0, 5, o and 7 of the G designator must be sat 
to zero. 

3.2.1.137 38 1 E VT MPY U; A*3 >C 

3.2.1.138 89 1 £ VT MPY L? A»B >C 

These instructions perform the indicated floating 
point arithmetic operations on elements of vectors A 
and a. The results are stored into vector C. 

U signifies that the upper result of the operation is 
returned? L signifies the lower result? and S 
signifies the significant result. Sign Control is 
permitted, see 3*1.'+. 9 for details. 

Data flags: bits £♦!, «+2, 43 and kS 

3.2.1.139 8A 1 bk VT SHIFT? A PER B > 

This instruction shifts the 6'f-bit elements from 
source vector A by corresponding elements from source 
vector 3 and stores them into result vector C. If 
the rightmost byte of the element in vector B is in 
the range from through 3F base 16 (0 trhough 63 
base 10), the element from vector A is shifted left 
end-around the number of specified places. If the 
rightmost byte of the element in vector B is in the 
range from FF through Ci base 16 (-1 through -63 base 
10), the element from vector A is shifted right with 
sign extension. Bit of operands In vector A is the 
sign bit for extension and the number for right 
shifts is equal to the two's complement of the 
rightmost bytes of operands in vector 3. If the 
rightmost byte of elements from vector B is greater 
than 3F or less than Cl base 16, the results are 
undefined. The leftmost seven bytes of elements in 
vector 3 are ignored. 
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3.2.1.139 (Cont'd) 

G bits and 5-7 are unde f ined^ and must be set to 
zero. 



3.2.1.1'fQ 


38 


1 


E 


VT 


MPY S; A»8 >C 


S.Z.l.l'fl 


8C 


1 


E 


VT 


DIV U? A/B >C 


3.2.1.1^2 


80 








ILLEGAL 


3.2.1.1^3 


8E 








ILLEGAL 


3.2.1.1'*'* 


8F 


1 


E 


VT 


DIV s; A/B >C 



3. 2.1.1^5 



These instructions perform the indicated floating 
point arithmetic operations on elements of vectors A 
and B. The results are stored into vector C. 

U signifies that the upper result of the operation is 
returned; L signifies the lower result; and S 
signifies the significant result. Sign Control is 
permitted, see 3.1.'+. 9 for details. 

Data flagsJ bits 'ti, '♦2, kZ and kS 



90 



E VT truncate; A >C 



the nearest 



Each element of result vector C is ins nedie^ii 
integer whose magnitude is less than or equal to the 
magnitude of the corresponding floating ooint element 
of source vector A. This integer is represented by 
an unnormalized floating point number having a 
positive exponent. 

If the source element's exponent is positive (greater 
than or equal to zero), the element is transmitted 
directly to the result field. 

If the exponent of the source element is negative, 
the magnitude of the coefficient is shifted right end 
off and the exponent is increased by one for each bit 
position shifted until the exponent becomes zero. 
Zeros are extended on the left during the shift. If 
the coefficient of the source element is positive, 
the shifted coefficient with zero exponent is 
transferred to the result field. If the coefficient 
of the source element is negative, the two's 
complement of the shifted coefficient with zero 
exponent is transferred to the result field. 

The Y and 3 designators and bits t*-7 of the G 
designator are undefined and must be set to zeros. 
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S.?.!.!**? <Confd) 

It machine zero is used as an operand element, the 
result element will be all zero. 

Data flag: Bit 46 

3.2.i.lit6 31 1 E VT FL00R;A— >C 

Each element of result vector C is the nearest 
integer less than or equal to the corresponding 
floating point element of source vector A. This 
integer is represented by an unnormalized floating 
point number having a positive exponent. 

If the source element's exponent is positive (greater 
than or equal to zero), the element is transmitted 
directly to the result field. 

If the exponent of the source element is negative, 
the coefficient is shifted right end off and the 
exoonent is increased by one for each bit position 
shifted until the exponent becomes zero. Sign pits 
are extended on the left during the shift. The 
shifted coefficient with zero exponent is transferred 
to the resul t f ie Id. 

The Y and 8 designators and bits h-7 of the G 
designator are undefined and must be set to zeros. 

If machine zero is used as an operand element, the 
resulting elersent will be all zero 

Data f I ag: bit ^+6 

3.2.1.1'»7 92 1 E VT CEILING; A- — >C 

Each element of result vector C is the nearest 
integer greater than or equal to the corresponding 
floating point element of source vector A. This 
integer is represented by an unnormalized floating 
point number having a positive exponent. 

If the source element's exponent is positive (greater 
than or equal to zero), the element is transmitted 
directly to the result field. 
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3.2.1.1<»7 



(Cont'd) 

If the exponent of the source element is negative* 
the tMo's complement of the coefficient is shifted 
right end off and the exponent Is increased by one 
for each bit position shifted until the exponent 
becomes zero. Sign bits are extended on the left 
during the shift. The two's complement of the shifted 
coefficient with zero exponent is transferred to the 
resul t field. 



The Y and B designators and bits 4-7 of the G 
designator are undefined and must be set to zeros. 

If machine zero Is used as an operand element* the 
resulting element will be alt zero. 

Data flag: bit i*e 



3.2.1.1i*a 93 1 £ VT SIGNIFICANT SQUARE ROOT; A >C 

This instruction forms the square root of each 
element of vector A and places the result in vector C. 

The Y and a designators and bits k and 7 of the G 
designator are undefined and must be set to zero. 
Sign Control is permitted, see 3.1.'+. 9 for details. 

Data flag: bits kZi ^5 and t*b 



3.2.i.i«f9 



3k 



£ VT ADJUST SIGNIFICANCE; A PER B >C 



Ad]ust the significance of the floating point 
elements from vector A and transmit them to result 
vector C. 

Signed, two's complement integers are contained in 
the rightmost '♦a iZk) bits of the elements from 
vector 8. The absolute value of these integers are 
sh i f t counts. 

If a shift count is positive, shift the coefficient 
from vector A left the number of places specified by 
the shift count or by the number of shifts needed to 
normalize the coefficient, whichever is smaller. In 
either case, the exponent of the element is reduced 

(cont inued) 
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S.Z.l.l'tg (Cont'd) 



by one for each place shifted.. An all zero 
coefficient will be shifted left the number of otaces 
specified. 

If the shift count is negative, shift the element's 
coefficient right the number of places specified tjy 
the shift count and increase the exponent of the 
element by one for each place shifted. 

The result stored in vector C is undefined if the 
absolute value of the shift count is S^^ater than 
'♦7[D] (2310] tor 32-bit operands). Note that the 
addition of the shift count to the exponent can cause 
either exponent overflow or exponent underflow. 

If A is indefinite, C will be indefinite and data 
flag bit ke is set. If A is machine zero, C will be 
machine zero and data flag bit kz will be set. 

Bits 5-7 of the G designator are undefined and uust 
be set to zeros. 



Data flags: bits '♦2, kz and ^^6 
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3.2.1.150 95 1 E VT ADJUST EXPONENT; APERB— ->C 

Transmit adjusted elements from ^vector A to result 
vector C. The exponent of a result element Is set 
equal to the exponent of the associated element from 
vector 3. The coefficient of the result elements are 
formed by shifting the coefficients of the operand 
elements from vector A. 

The shift count used is the difference between the 
exponents of associated elements from A and 8. If 
the exponent of the element from A is greatar/less 
than the exponent of the element from B, the shift 
Is to the left/right, respectively. For zero 
coefficients in vector A, the exponent from 
vector 8 is copied to vector C with an alt-zero 
coef f icient . 

If a left shift exceeds the number of places required 
for normalization, the result is set to indefinite, 
and data flag bit kZ is set. If either or both 
operands are indefinite or machine zero, the result 
is set to indefinite. In this case, data flag bit kS 
is set and data flag bit kZ is not sat. 

aits 5-7 of the G designator are undefined and must 
be set to zeros. 

Data flags* bits kZ and ^6 

3.2.1.151 96 1 8 VT CONTRACT; 6^* 9IT A — ->32 BIT C 

Each 32-bit floating point element of result vector 
C is formed by contracting the corresponding 64-bit 
floating point element of source vector A. Each 
non-endcase 8-bit result element's exponent as ZhiOl 
greater than its source element's exponent. See 
the 76 Instruction (Register Contract) for detail. 

Each 2't-bit result coefficient is copied from the 
left-most Zk bits of its i+S-bit source coefficient 
(bits 16 through 39). This has the effect of 
contracting all negative source coefficients, whose 
absolute values (neglecting the exponent) were less 
than or equal to {2**2't)» to a minus one. 

The Y and 3 designators and bits 0, 4, 5, 6 and 7 
of the G designator are undefined and must be 
set to zero. 

Data flags: bits '♦2, ^3 and i+6 . 
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3.2.1.152 



37 



8 VT ROUNDED CONTRACT? 6^ BIT A >32 BIT C 



3.2.1.153 



3.2.1.15'+ 



Each 32-bit floating point elemenj- of result vector 
C is formed by performing a rounded contract 
operation on the corresponding S^^-bit floating point 
element of source vector A. A positive one is added 
to the origin operand in bit position kQ» If 
overflow occurs, the exponent is increased by one and 
coefficient is shifted right one place. The left 
most Z'* bits of this ^vS-bit sum are then transmitted 
to the 2't-bit coefficient portion of the result 
vector a I efiient • 

Each non-endcase result element's 8-bit exponent is 
2'ttO] (25CD] if overflow occurred) greater than the 
corresponding source element's exponent. 

The Y and 8 designators and bits 0, k^ 5, 6 and 7 of 
the G designators are undefined and must be set to 
zero. 

Data flags: bits '+2 » ^3 and 1*6 

98 1 E VT transmit;a >C 

Transmit source vector A to result vector C. 

The Y and 8 designators and bits k-7 of the G 
designator are undefined and must be set to 
zeros. 

99 1 E VT A8S0LUTE;A >C 

Each element of result vector C is the absolute value 
of the corresponding element of vector A. The 
vectors contain floating point elements. 

The Y and 8 designators and bits ^-7 of the G 
designator are undefined and must be set to zeros. 

Data flag* bits kZ, k"} and kS 



3.2.1.155 



gA 



E VT EXP.; A >C 



The elements of result vector C are formed by storing 
the exponents from input vector A into the right-most 
portion of the coefficients of vector C. The sign of 

{ cont inued) 
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3.2.1.155 (Confd) 

the exponent is extended left to the coefficient sign 
bit position. The exponent portion of each element of 
vector C is cleared to zero. 

The Y and a designators and bits k-7 of the G 
designator are undefined and must be set to zeros. 

3.2.1.156 98 1 E VT PACK;A, 8 >C 

Transmit to result vector C a bk/ZZ bit floating 
point numoer produced as follons. The result is 
formed by transmitting the right-most l6/8 bit 
positions of an element of source vector A (exponent) 
to the left-most i6/8 bit positions of result vector 
C and the right-most k&Zzk bit positions of an 
element of source vector 8 (coefficient) to the 
right-most ki/Zf* bit positions of result vector C. 

3.2.1.157 9C 1 B VT EXTEND; 32 BIT A >6'+ BIT C 

The elements of result vector C are formed by 
extending the 32-bit floating point operands of 
vector A into 64-bit f I oat ing do int operands. The 
value of each of the resulting l6-bit exponents is 
Z'tIO] less than that of the corresponding source 
element's exponent. The coefficient of each result 
is obtained by transmitting the right-most 2k bits of 
the corresponding source element into bits 16 through 
3S of the result element. The right-most Zk bits of 
each result are cleared to zeros. 

If bit 3 of the G designator is set, indicating 
broadcast of the A register, the 8-bit A designator 
will be interpreted as a 32-bit register designator. 

If an element of vector A is indefinite, the 
corresponding element of vector C will be set to 
indefinite and data flag bit WS set. If an element 
of vector A is machine zero, machine zero will be 
stored in vector C and data flag bit k3 will be set. 

The Y and 8 designators and bits 0, k-7 of the G 
designator are undefined and must be set to zeros. 

Data f I ag: bit kZ and ^+6 
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3.2.1.158 90 1 E VT LOGICAL? A, B > C 

This instruction performs the bit by bit logical 
ooeration selected by G bits 5-7 between source 
vectors A and 8 with results stored in vector C. 



!G567= J 000 iOOllOiOJ Oil I lOO I lOl 8 110 { 111 J 
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■ 
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3.2.1.159 


9E 








ILLEGAL 


3.2.1-160 


gp 








ILLEGAL 


3.2.1,161 


AO 


2 


E 


SV 


ADD U; A+B — >C 


3.2.1.162 


Al 


2 


E 


sv 


ADO l; a+b— >c 


3.2.1.163 


A2 


2 


E 


SV 


ADD N; A+8 — >C 


3.2.i.l6it 


A3 








ILLEGAL 


3.2.1.165 


M* 


2 


E 


sv 


SUB u; A-8 — >C 


3.2.1.166 


A5 


2 


E 


sv 


SUB l; a-b— >c 


3.2.1.167 


A6 


2 


E 


sv 


SUB n; a-b — >c 


3.2.1.168 


A7 








ILLEGAL 


3.2.1.169 


A8 


2 


E 


sv 


MPY U; A*B >C 


3.2.1.170 


A9 


2 


E 


sv 


MPY l; a*b >C 


3.2.1.171 


AA 








ILLEGAL 


3.2.1.172 


AS 


2 


E 


sv 


MPY S; A*B >C 


3.2.1.173 


AC 


2 


E 


sv 


Div u; A/B >C 


3.2.1.17'+ 


AO 








ILLEGAL 


3.2.1.175 


AE 








ILLEGAL 


3.2.1.176 


AF 


2 


E 


sv 


oiv s; A/8 >C 



These instructions perform the Indicated floating 
point operation on elements of sparse vectors A and 8 
and return the results to sparse vector C. An element 
is read from sparse vector A whenever a one bit is 
encountered in order vector X. An element is read 
from sparse vect'or 8 whenever a one bit is found in 
order vector Y. A zero bit in source order vector 
causes machine zero (normalized one for multiplies 
and divides) to be used as the associated A and/or B 
e I emen t . 

(continued) 
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Output order vector Z Is a bit by^bit logical 
function specified by G bits i and 2 as follows* 



G bit 1 £_t2it..2 



Z equals the logical or of X and Y 

for add/subtract operations. 

Z equals the logical and of X and 

Y for mu I t iol y /di vi de operations 

Z equals the logical and of X and 

Y for add/subtract operations. 

Z equals the logical or of X and 

Y for mu 1 t i p! y /di vi de operations. 

Z equals the logical exclusive or 
of X and Y for all operations. 

Z equals the logical implication 
of X and Y for all operations 





1 
1 




1 


1 



D 
1 
1 

1 







1 





1 
1 





inn 



:iM 



1 



1 
1 



An output element of sparse vector C is generated for 
each 1 bit in order vector Z. 

These instructions follow the rules for Sparse Vector 
Terminat ion . 

The resulting length of sparse vector C is 
transferred to the length specification portion of 
register C. 

U signifies that the Upper Result of the operation is 
returned; L signifies the Lower Result? N signifies 
the Normalized Upper Result and S signifies the 
significant result. Sign Control is permitted* see 
3. 1.'*. 9 for detai 1 s. 



{ cont inued) 



iCONTROL DATA J 
I Corporation 5 



ENGINEERING 
SPECIFICATIO N 



NO. 37100670 

DATE Jan.t 1930 

PAGE 137 

REV. A 



SUPER COMPUTER OP E R A T 10 N S 



3.2.1.176 (Cont'd) 

NOTE: Data flags are set only for output elements 
of sparse vector C. '^ 

G bits 3 and/or i* are used fo broadcast A and/or 8, 
respec t i we I y . 

Data flagsl bits kit kz, kz and kb 

Sparse Vector Floating Add Example 

FGXAYBZC 

!A 018 010 3!0 '+50 5!Q 650 7'. Q 8! 



Before Execution 

Register 03 = 00700 00 00 0300 

0'+ = OOOOOQOOOOOO'+OOO 

05 = 0008Q000000 05000 

06 = 00000000000 06000 

07 = 00090000000 07000 

08 = 0000000000008000 

Address t+OOO - ttO^iO 



! A 
1 2 



3000 - 3006 



J 1 J 1 1 1 J 



6000 - 60A0 



! B 
! 


i 6 
I 1 


I B 
J 2 


1 

J 


B 
3 


! B 


1 B { 
! 5 ! 














\ / 

V 

32 bits 
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Address 5000-5007 



I I \ \ I I \ \ I 

J J 1 J 5 1 .' 1 ! 1 ! 1 ! 1 J 



\ / 

V 

1 bit 
A f ter Execu t ion 

Registers 03» O*** 05, o6 and o7 are unchanged. 

Register 08 = 00 70 00 000 80 00 
Address 8QQ0 - SqCO 



S A 



t B 



! A 



+ B J B 
It 'i 



B 



: A 



B : 6 

4 I 5 



/ \ / 

' V 
32 bits 



7000 - 7008 



\ \ X \ \ \ \ \ \ \ 

Jl!lJ0JlJi:i!l!l}0! 



1 bit 
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Sparse Vector Floating Point Multiply Example; 

FGX AY8 ZC 

lA 8S8 0!0 'tJO 510 6!o 7iO 810 31 



Before Execution! 

Register 0^ = 

05 = 

06 = 

07 = 

08 = 

09 = 

Address 2000 - 2060 



00080000000 01000 
00000000000 02000 
00080000000 03000 
OOOOOOOOOOOOitOOQ 
00090000000 05000 
00000000000 06000 



: A ! A : A : A i 

J } 1 J 2 S 3 J 

lOQQ - 1007 

: 1 ! I S 1 ! J ! 1 ! 1 ! 
i+OOO - ifOAO 

IB IB IB IB IS IB I 

I0I1J2I3J^I5I 



3000 - 3007 32 bits 

lOlllOJlIllllllll 



After execution? 



\ ./ 

V 

1 bit 



Register Qkf 05» 06, 07, and 08 are not 
changed. 

Register 09 = 00 30 00 00 06 00 

Address 6000 - 60'*0 5000 - 5008 



!A *BIA*3 IA»B I 
II 11 2 k I Z 5 1 



I I lit ■lati 

I I III I I I t I 

I 0101 01 llQlOlllllOl 
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s U 


P E 




80 


3.2.1.178 


Bl 


3.2.1.179 


82 


3.2.1.180 


33 


3.2.1.181 


Qk 


3. 2.1.182 


B5 
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E BR COMPARE INTEGER, BRANCH IF (A) 
f (X) EQ (Z) 

e BR COMPARE INTEGER^ BRANCH IF (A) 
+ (X> NE (Z) 

f= BR COMPARE INTEGER, BRANCH IF (A) 
+ (X) GE (Z) 

E 3R COMPARE INTEGER, BRANCH IF (A) 
+ (X) LT (Z) 



BR 



COMPARE INTEGER, BRANCH IF (A) 
+ (X) LE (Z) 



E BR COMPARE INTEGER, BRANCH IF . ( A ) 
+ (X) GT (Z) 

Tf hit n of the G designator is cleared/set, 
plg-stens^l x! C and I are 6./32 bits respectively. 
Registers B and Y are always bh bits. 

G bits 1 and 2 ^ust be set to zero. 

These instructions are executed in the following 5 



stepsJ 



suDpl ied. 

2. Read register Z. If the ^ ^-^^-J- ^^ :?^,^' '' 
zero, k& zeros iZ'* zeros if G bit - D are 
read as right-most bits. 

3. Store the following in register C: 

o The sum from step 1 is stored i'^^'j/^j^ ^, 
rightmost kS bits iZk bits if G bit - D ot 
reg ister C. 

o The leftmost 16 bits (8 bits if G bit =1) 
of register A are copied into the leftmost 
portion of register C 
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IConfd) 



Compare the sum formed In step 1 with register Z 
as foil owst ^ 



G bit 3=0 



G Dit 3=1 



The integers compared are the 
^8-bit (2** bits if G bit = 1) 
result of step l and the 
rightmost ^t 8 bits (2^ bits if G 
bit = 1) read from register Z 
in step 2» 

The integers compared are the o^f 
bits that are stored into 
register C in step 3 and 6^ bits 
read from register Z in step 2» 

This compare is defined only for 
the Bo and 8l instructions (EQ 
and NE) . 

When both G bit and G bit 3 are 
1 the instructions are undefined. 



o G bit if = The integers compared are 

interpreted as signed two's 
complement numbers. 



o G bit *» = 1 The integers compared are 

interpreted as unsigned numbers. 

The following table indicates the ordering of numbers 
from largest to smallest as controlled by G bit k. 



I 



I 



I Largest 



Sma I I est 



7F 
7F 



{ 8 
J 8 



FF 
FE 



01 

00 
Ff 



01 
00 



FF 
FF 



80 

60 
7F 



00 
00 



FF 
FE 



01 

00 

FF 



01 

00 
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5. If the specified compare condition i_s met the 
instruction performs as foilowsx 



G bit 5=0 



G bit 5 



Branch to the address formed by 
adding the halfword item count 
from register Y left shifted 5 
places to the base address from 
register B. 

Branch to the address formed by 
adding (G bit 6 = ) or 
subtracting (G bit 6=1) the 
halfword item counts from the B 
and Y designators ( 16 bits)t 
left shifted 5 places, to the 
program address of this 
instruct i on . 



If the specified compare condition Is HSLL (nsti the 
instructions will continue execution at the next 
sequential instruction. 

If any of the following conditions occur, the 
operation of these instructions is undefined. 

o G bit 0=1 and G bit 3=1 

o G bit 3 = 1 for 82, 83, Bif and B5 

o G bit 5=0 and G bit 6=1 

o G bit 7=1 

30 E NT COMPARE INTEGER, SET CONDITION IF (A) + (X) EQ (Z) 

31 C E NT COMPARE INTEGER, SET CONDITION IF (A) + (X) NE (Z) 
82 C E NT COMPARE INTEGER, SET CONDITION IF (A) + (X) G£ (Z) 
B3 C £ NT COMPARE INTEGER, SET CONDITION IF (A) + (X) LT (Z) 
Bit C E NT COMPARE INTEGER, SET CONDITION IF (A) + (X) LE (Z) 
35 C E NT COMPARE INTEGER, SET CONDITION IF (A) + (X) GT (Z) 

If bit of the 6 designator is cleared/set, 
registers A, X, Y, C and Z are 6^^/32 bits 
respectively. Register 8 is not used and must 
set to zero. 

G bit 1=0 and G bit 2=1 

( cont inued) 
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These instructions are executed in 5 steps of which 
the first four (compare) steps are identical to the 
first four steps described for BO through 65 
instructions with G bits 1 and 2 equal to zero 
(Compare Branch) 

If the specified compare condition i_i, met the 
instruction performs as followsJ 

Store into register Y and 64-bit quantity 

(32-bit if G bit 0=1) 000 001 and 

continue execution at the next sequential 
instruction. 

If the specified compare condition i_s not met» the 
instruction performs as followsS 

Store into register Y and 64-bit quantity 

(32-bit if G bit = 1) 000 000 and 

continue execution at the next sequential 
instruction. 

4. Comoare the sum formed in step 1 with register Z 
as foil ows t 



G bit 3=0 



The integers compared are the 
48-bit (24 bits if G bit 0=1) 
result of step 1 and the 
rightmost 48 bits (24 bits if G 
bit 0=1) read from register Z 
in step 2. 



o G bit 3 = 1 The integers coraparad are the 64 

bits that are stored into 
register C in step 3 and 64 bits 
read from register Z in step 2. 

This compare is defined only for 
the Bo and 8l instructions (EQ 
and NE) . 

When both G bit and G bit 3 are 
1 the instructions are undefined. 



o G bit 4=0 The integers compared are 

interpreted as signed two's 
complement numbers. 
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o G bit k 



1 The integer^ comoared are 

interpreted as unsigned numbers. 



The following table indicates the ordering of numbers 
from largest to smallest as controlled by G bit k. 







I 



Largest 



I 

Smal I est 



7F 
7F 



00 
00 

FF 



80 
80 



FF 
FE 



01 

00 
FF 



01 
00 



FF 
FF 



80 
80 
7F 



00 
00 



FF 
FE 



01 
00 
FF 



01 
00 



80 


C 


E 


Bl 


c 


E 


82 


c 


E 


83 


c 


E 


ai* 


c 


E 


85 


c 


E 



If any of the following conditions occur, the 
operation of these instructions is undefined: 

o G bit 0=1 and G bit 3=1 

o G bit 3 = 1 for 82» B3» B^f and 85 

G bit 5 = 1, G bit 6 = 1 or G bit 7=1 

o The C designator is equal to the Z designator 

BR COMPARE F.P., BRANCH IF (A) EQ (X) 

BR COMPARE F.P., BRANCH IF (A) NE (X) 

BR COMPARE F.P., BRANCH IF (A) GE (X) 

BR COMPARE F.P., BRANCH IF (A) LT (X) 

BR COMPARE F.P., BRANCH IF (A) LE (X) 

BR COMPARE F.P., BRANCH IF (A) GT (X) 

If bit of the G designaor Is cleared/set, 
registers A and X are (>k/zZ bits respectively. 
Registers B and Y are always S^t bits. Registers C 
and Z are not used and must be set to zero. 

G bit 1 = 1 and G bi t 2 = 

( cont inued) 
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BO 
81 
B2 
B3 
B** 
35 



C 
C 

c 
c 
c 
c 



E 
E 
E 
E 
E 
E 



These instructions compare 



the two floating point 



rransf"rr. registers A and X according to the 
Moating point compare rules in Section S.l.'^-S. 

If the specified compare condition i^ met, the 
instructions perform as follows: 

o G bit 5 = Branch to the address formed by 
^ ""'^ ' adding the halfword item count fr 



G bit 5=1 



om 
register Y, left shifted 5 Pjaces, 
to the base address from register a. 

Branch to the address formed by 
adding (G bit 6 = 0) or subtracting 
(G bit 6=1) the halfword item 
counts from the B and Y designators 
16 bits), left shifted 5 places, to 
the program address of this 
instruct ion. 



If the specified compare co 



nditlon Is nftl met, the 



instructions will continue execution at the next 
sequential instruction. 



f any of the following conditions o^^^";*^^^ 
Deration of these instructions is undefined: 



G bit 7 = 1 



o G bit 3 = 1. G bit <♦ = 1 or 

o Designaor Z and/or C not equal to zero 

o G bit 5=0 and G bit 6=1 



Data Flag: bit '+6. 



NT 

NT 
NT 
NT 
NT 
NT 



COMPARE 
COMPARE 
COMPARE 
COMPARE 
COMPARE 
COMPARE 



f.P* 
F.P, 
F.P, 
F.P, 
F.P, 
F.P, 



SET 
SET 
SET 
SET 
SET 
SET 



CONDITION IF (A) £Q (X) 

CONDITION IF (A) N£ (X) 

CONDITION IF (A) GE (X) 

CONDITION IF (A) LT (X) 

CONDITION IF (A) LE (X) 

CONDITION IF (A) GT (X) 



c I eared/set , 
bits respect i ve I y. 



If bit of the G designator is 

registers A, X, and Y ae 6it/32 ^* ko ^==t 

Registers - - -^ ^ are not used and must oe set 

zero. 



C and Z are not 
(cont Inued) 
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G bit 1 = 1 and G bit 2 = 1 ' -- 

These instructions compare the two floating point 
operands from registers A and X according to the 
floating point coinpare rules in Section 3.1. £+.5. 

If the specified compare condition i^ met the 
instruction performs as follows* 

Store into register Y and S^f-bit quantity 

(32-bit if G bit = 1) 000 001 and continue 

execution at the next sequential instruction. 

If the specified compare condition xs not met, the 
instruction performs as follows! 

Store into register Y the 6^-bit quantity 

(32-bit if G bit = 1) 000 000 and continue 

execution at the next sequential instruction. 

If any of the following conditions occur, the 
operation of these instructions is undefined* 

Any one of G bits 3 through 7 is set 

-0 Designators 8, Z and/or C are not equal to zero 

Data Flag: bit ^6. 



3.2.1.183 86 5 NA BR BRANCH TO IMMEDIATE ADDRESS ;( R) + 1 ( '♦8 

SITS) 

The right-most 1*8 bits of register R contain an item 
count of half-words. The right-most '♦8 bits of the 
instruction word contain an immediate operand which 
is used as a base address. An unconditional branch 
is taken to the branch address formed by adding the 
item count to the base address (the item count is 
shifted left 5 places before the addition and 
overflow, if any, is ignored). 

A direct branch Is taken to the base address from the 
instruction word if the R designator is zero or if 
the right-most £+ 3 bits of register R are zeros. 
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B7 

This 
vect 
grou 
cont 
of V 
B is 
form 
to t 
of e 
vect 
the 
addr 
is e 



E VM TRANSMIT L 1ST-— > INDEXED C 



instr 
or B i 
ps in 

ained 
ector 

trans 
ed by 
he bas 
I emen t 
or X b 
second 
Gssin 
xhaust 



ucti 
nto 
yect 
in t 

A. T 
mitt 
addi 
a ad 
s f r 
egin 
ite 
reg i 
ed. 



on s 
vect 
or C 



he 
he 
ed 
ng 



dres 
om V 
ning 
m CO 
ster 



catters 
or C. 

are sp 
ight-mo 
irst gr 
o vecto 
he firs 
s in re 
ector B 

at the 
unt fro 

C. Thi 



group 
The lo 
ecif ie 
St tf8 
oup of 
r C be 
t i t era 
gister 
is th 
addre 
m vect 
s cont 



c of 
cat i 
d by 
bits 

e I e 
ginn 

cou 

C. 
en t 
ss f 
or A 
inue 



e I e 
ons 
the 

of 
mant 
ing 
nt f 
The 
rans 
orme 

to 
s un 



ment 
of t 
ite 
each 
s fr 
at t 
rom 
seco 
mitt 
d by 
the 
ti I 



s from 

he e I ement 

m counts 

e I ement 
otn vector 
he address 
vect or A 
nd group 
ed to 

add ing 
base 
vector A 



The elements of vector A are always S^-bit elements, 
while the elements of vectors B and C are 6£t-bit or 
32-bit as a function of G-bit 0. Before the addition 
of the item count from A to the base address in 
register C, the item count is left-shifted 5 places 
for 32-bit operands and 6 places for 6i+ bit operands. 

When G bit 5=1 vector A is replaced by a fixed 
increment specified by the rightmost kS bits of 
register A. The addressing of vector C is then; 
C,CA,C+2A....,C+{N-l)A where N is the field length 
specified by the leftmost i6 bits of register A and 
still determines the total number of groups. The 
fixed increment A is shifted left 6 (G bit 0=0) or 5 
(G bit 0=1) places before it is added to C 

The Y and Z designators are undefined and must be 
set to zero, thus there can be no offset for the B 
field nor control vector fo the C field. There are 
no field lengths for vectors 3 and C The left-most 
16 bits of register C are ignored except when used, 
as described below, to specify the number of elements 
in each group to be transmitted. Note that all groups 
contain the same number of elements. 
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JG-BITJSTATEl 
S » 



INTERPRETATION 



i 



1-3 



*k 



1 Elements of vectors B and C are 6^-bit. 

1 t El ements of vectors B an d C ar^ 3?-bit. 



I 



Undefined and Tiust be set to zero. 



J 



I No broadcast of vector 8. 

1 } Broadcast vector Q' permitted only with G-bit 
I 6 set to zero. 



J Use Vector A J 
I i 
5 Use fixed increment A (x designator must = 0) ! 
i 



»*6 



The number of elements in each group to be 
transmitted is fixed at one. Thus a single 
element from vector B is transmitted to 
vector C for each element of vector A. For 
this case, the left-Tiost 16 bits of register C 
are ignored. 

The number of elements In each group to be 
transmitted is specified by the left-most i6 
bits of register C-. If the left-most 16 bits 
of register C are zero, this instruction is a 
no-op. (No Broadcast B if G-bit 6 = 1 .) , . 



**7 ' 1 Vector C resides in central memory. 



I All elements of output vector C must reside 
I within the range of absolute or virtual 

addresses through 3FC0. Reference to the 
register file as central memory in this case 
is therefore allowed. This instruction and 
the BA instruction are the only instructions 
which permit this type of reference to occur. 
If all addresses for vector C are not 
contained in the register file, this 
instruction is undefined. 



♦ If both G-bit I* and 6 are set, this instruction is 
unde fined. 

** If both G-bit 6 and 7 are set, this instruction is 
unde f ined . 
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B8 



i E VM TRANSMIT REVERSE;A — >C 

Transmit, in reverse order, vector A to vector C. 
The !ast e.e.ent of vector A is the first ^'^^^f °^ 
vector C, the next to 1st element of vector A is the 
second element of vector C, etc. 

Any overlap causes this instruction to be undefined. 

The Y and 3 designators and bits 3-7 of the G 
designator are undefined and .ust be set to zeros. 

This instruction terminates when vector C is 
exhausted. 

Transmi t Rg vefise_£xaiTLsle 

a 

}< -length of vector A 



•>! 



not used 



! QJ IJ 213J'+!5!6i7l8: 



'{< A offset >! 5 



5< C offset 

J 



i : 
>i s 

! V 



Machine Zeros 



{ not altered 



J8!7!6555'v53i2}liOS* ♦ * * * 



3.2.1.186 89 



length of vector C ; 

♦ Vector A is exhausted before vector C, so '"a^hine 
zeros are transferred to fill out the remainder of 
vector C 

For the above example, assume the Z designator was 
zero (no control vector used). 

ILLEGAL 
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BA i 

This i 
vector 
groups 
contai 
of vec 
to vec 
addres 
vector 
second 
come f 
by add 
base a 
are st 
con t in 



E VM TRANSMIT INDEXED LIST >C 



nstruction gathers groups jsf elem 
B into vector C. The locations 
in vector B are specified by the 
ned in the right-most kS bits of 
tor A. The first group of element 
tor C come from vector B beginnin 
s formed by adding the first item 
A to the base address in registe 
jrouo of elements transmitted to 
rom vector 3 beginning at the add 
ing the second item count from ve 
ddress in register B. The groups 
ored in vector C in consecutive o 
ues until vector A is exhausted. 



ents from 

of the element 

item counts 
each e I ement 
s transmitted 
g at the 

count from 
r B. The 

vector C 
ress formed 
ctor A to the 
of elements 
rder. This 



The elements of vector A are always S^t-bit elements, 
while the elements of vectors B and C are 6if-bit or 
32-bit as a function of G-bit Q. Before the addition 
of the item count from A to the base address in 
register B, the item count is left-shifted 5 places 
for 32-bit operands and 6 places for &U-bit operands. 

When G bit 5=1 vector A is replaced by a fixed 
increment specified by the rightmost k& bits of 
register A. The addressing of vector 8 is then; 
B,B + A,8^■2A,....,B+(N-l) A where N is the field length 
specified by the leftmost 16 bits of register A and 
still determines the total number of groups. The 
fixed increment A is shifted left 6 (G bit 0=0) or 5 
(G bit 0=1) places before it is added to B. 

The Y and Z designators are undefined and must be 
set to zero, thus there can be no offset for the B 
field nor control vector for the C field. There are 
no field lengths for vectors 8 and C. The left-most 
16 bits of register B are ignored except when used, 
as described below, to specify the number of elements 
in each group to be transmitted. Note that all groups 
contain the same number of elements. 

Broadcasting is not used by this instruction. 
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3.2.1.187 (Cont'd) 



^G^BITliTATEi f 1!!^!!!!!-!! f^ "5 

!*'*o'r"o"i'Et^ments'of vector 8 and C are &^-bit. | 
; 111 Elements of vector B a"<^_C jre J2-b 1 1 . j 

'."I-ri"' i undefined and must be ^ll_ll_ll''_l:_ .— | 




i^'TT'l us: nx:rincrementJ_(x_designator_.u^ 

: 5 transmitted is fixed at one. Thus a single 

. I element from vector B is t ransmi t t ed t o 
; s I vector C for each element of vector A. 
; . : For this case, the left-most 16 bits of 
, \ \ register B are ignored 

: 111 The number of elements in each group to 
; ' 1 be transmitted Is specified ^V the lef - 

, most 16 bits of register 8. If the lef 
1 5 most 16 bits of register 3 are zero, this 


1 

■ 
■ 

1 

i 

■ 

} 

1 

1 

■ 
• 


i ♦7 10 J Vector 8 resides in central memory, 

S addresses through 3FCO. R«^«''^" = ^ J° I^^^ 
5 register file as central memory is therefore 
: at?oHed. This instruction and the 87 are he 
: only instructions which permit this type of 

; ; 3 file, this instruction is ^^^« ^ ^"^'';. /I ' _ 
; , J references to Register Zero are to the Trace 

} J { Register. 

J J 1 


s 

■ 

s 

• 
t 

• 
■ 

1 

• 

1 
1 

J 
t 

1 
a 

• 
• 

J 

1 
1 

J 



♦ If both G-bit 
unde f ined. 



6 and 7 are set, this instruction is 
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3.2.1.188 



B3 



E NT mask; 



B >C PER Z 



3.2.1.189 



Elements of vector A and elements of vector B are 
merged to form result vector C as directed by order 
vector Z. When a binary one is encountered in order 
vector Z, the next element of vector A is inserted 
into result vector C and an element of vector 3 is 
sKipped. When a binary zero is encountered in order 
vector Z, the next element of vector 3 is inserted 
into result vector C and an element of vector A is 
sKipped. The resulting length of vector C is 
transmitted to the length specification portion 
of reg i ster C . 

If bit of the G designator is cleared/set, the 
operand size is ek/32i respectively. The X and Y 
designators and bits it 2» 5, 6» and 7 of the G 
designator are undefined and must be set to zero. 
Bits 3 and if o f G are used to broadcast the constants 
(A) and (3) respectively. 



This instruction teminates when order vector Z is 
exhausted. No lengths are recognized on vectors A 
and B. 



8C 



E NT compress; a >C PER Z 



Vector A is compressed by forming sparse data vector 
C which is composed of the elements of vector A 
associated with binary ones in sparse order vector 
Zt i.e., those elements of vector A in positions of 
binary ones (G bit l equal 0> in sparse order vector 
Z are selected and inserted* in order* into sparse 
data vector C. If G bit l is set* the elements of 
vector A in positions which correspond to the 
positions of binary zeros in sparse order vector 
Z are inserted in sparse data vector C. 

The resulting length of sparse data vector C is 
transferred to the length specification portion 
of register C. If bit o of the G designator is 
cleared/set* the operand size is 6'+/32 bits* 
respectively. The X, Y and B designators and 
bits 2-7 of the G designator are undefined and 
must be set to zero. 
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3.2.1.189 (Cont'd) 



3.2.1.190 



This instruction terminates when sparse order 
vector Z is exhausted. The length specification 
portion of registers A and C is ignored. 



80 



NT 



merge; a, 8 >C PER Z 



Elements of vector A and elements of ^^ector B are 
merged to form result vector C as directed bv order 
vector Z. When a binary one is encountered in order 
vector Z, the next element of vector A is inserted 
into result vector C. When a binary zero is 
encontered in order vector Z, the next «' ^"'^[j; ° J. , 
vector a is inserted into result vector C. Note that 
no elements of A or B are skipped if G bit 7 is a 
zero. If G bit 7 is a one, the corresponding operand 
of B is skipped for each A operand stored, but A is 
not skipped on 8 stored. The resulting length of 
vector C is transmitted to the length specification 
portion of register C. 

If bit a of the G designator is cleared/set, the 
operand size is 64/32, respectively. The X and Y 
designators and bits 1, 2, 5 and 6 of the G 
designator are undefined and must be set to zero. 
Bits 3 and i+ o f G are used to broadcast the constants 
(A) and (8), respectively. 



If G-bit 7 is a zero, the operation is called merge. 
If G-bit 7 is a one, the operation is called 
decompress. 

If G-bit 3 or I* is a one, the operation is called exoand 

This instruction terminates when order vector Z is 
exhausted. No lengths are recognized on vectors A 

and B* 

( cont inued) 
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3.2.1.190 (conf d) 

80 Merge Instruction Examples ^ 

The Z-bit string is used for all three examples. 
G-blts not indicated are zeroes. 

Z J0!011Ji:0:i50Sl!0! 

Examole l 80 Merge 



5 AO S Al ! A2 S A3 S 



: 80 5 81 5 AO { Al ! 32 ! A2 5 83 1 A3 ? a^ S 



A 
J 



A 
I 



80 



31 



82 



83 I Bit I 
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Examole 2 80 Decomoress G-bit 7-1 



J AO J Al J A2 ' A3 ! 



I 
\ 

V 



J 

V 



J 

V 



I'aO S 31 S AO { Al ! 84 ! A2 ! 86 i 


A3 ' 


B8 1 






\ 


} 80 ! 81 { 82 ! 83 ! Bit ! 85 !^B6^^ 


87 


88 5 



Example 3 80 Expancj G-bit 3 = 1 



A Broadcast (A) 



I 

V 



1 

V 



V 



BO 



1 j(A) 5(A) 5 82 J(A) ! 83 MA) S 



Bk 



A 

: 
J 
J 



} 90 ! Bl I 82 ! 83 « B't J 



A 
J 



NO. 37100670 



NO. snouoiu 
JCONTROL DATA J E N G I N E E R I N b ^^^^ ^^^^^ ^^^^ 

,. ""'"7 SPECIFICATION PAGE l56 

! Corporation 5 SKti/irxo ^^^^ ^ 

SUPER COMPUTER, OPERATIONS 



3.2.1.191 3E 5 6^ IN ENTER tR) WITH I ( ^.8 BITS) 

Clear register r and transfer the ^[fll"^?\\J'l,''''^ 
^4 ♦Hie in<.truction to the right-most ^^8 bits of 



3.2.1-192 



of this instruction 
register R. 

BF 5 &«♦ IN INCREASE (R) BY IC^S 3ITS) 

RpDlace the right-most ^.8 bits of register R by the 
sum of those b?ts and the right-most ^8 bits of this 
Instruction word. Arithmetic overflow is ignored. 

c \/M "CPi PrT EO: A EQ B» ITEM COUNT TO (C) 

'•I'V'.ll C? I E VH 'sIlIcT NE I NE b! ITEM COUNT TO <C) 

3.2.1.19^ CI 1 t vn ^^^ j^£,^ COUNT TO <C) 

r.r.iiile C3 I E VH II!:ect l?; J lt b; heh count to (C) 

Each element of vector A is compared with its 
associated element of vector 8. This operation 
proceeds until the compare condition (A = , ^l'*,^ 
8) is met or until the shorter of the ^^° ^^^^°^^/^ 
exhausted. If broadcast is selected for eld A or 
neld 3 (but not both) the instruction «i I I terminate 
when the non-broadcast field terminates. 

If the compare condition is met, the item count is 
equal to the number of pairs of elements eQ^ount^red 
■ uD to (but not including the pair meeting the 
condition). If the compare condition is not met, the 
i?em ciunt is equal to the length of the shorter 
vector (Hhere the shorter vector's ^^^f^H 
determined after the offset ad ) ustment ) . The t em 
count is stored into the right-most ^3 bits of a 
cleared register C. 

The control vector, if used, determines which pairs 
of elements are compared. The item count, as 
described above, includes all pairs of elements 
encountered, not only those which were compared. 
If a control vector is used and either vector A 
or B is exhausted before a permissive control vector 
element is encountered, no compares are made. In 
this case, the item count stored is the length of 
the shorter vector minus its offset. 

(cent Inued) 
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3.2.1.196 (Cont'd) 



3.2.1.197 


Ctf 


1 


E 


NT 


3.2.1.198 


C5 


1 


E 


NT 


3.2.1.199 


C6 


1 


E 


NT 


3.2.1.200 


C7 


1 


£ 


NT 



Each element of vector B is subtracted from the 
corresponding element of vector A. The operational 
decision is made on the result of this subtract 
according to the "floating point compare rules" 
in 3. 1. '♦•S 

Bits 2. and 5-7 of the G designator are undefined 
and must be set to zero. 

If the C designator is zero, the results of this 
instruction are undefined. 

Data flags: bits 37 and kS. 

COMPARE EQ? A EQ B ORDER VECTOR 
> Z 

COMPARE NE; a NE B OROER VECTOR 

> z 

COMPARE GE; a GE 8 ORDER VECTOR 
> Z 

COMPARE LT; a LT B OROER VECTOR 

- — > z 

Successive elements of vector A are compared with 
successive elements of vector B. If the compare 
condition (A =» ^, >» < 3) specified by the 
instruction is met, the corresponding bit of the 
result order vector A is set. If the compare 
condition is not met, the corresponding bit of 
Z is cleared. The instruction terminates when 
the Z f iel d is f i I led. 

The bits of the G designator are interpreted as 
f ol I owsJ 

fill Slalja Tnteroretatli^Q 

operands are 6^ bits long (words) 

1 operands are 32 bits long (half 
words) 

3 normal vector A 

1 broadcast the constant in register A 

i» normal vector B 

1 broadcast the constant in register 8 

The C designator and bits l, 2» 5, 6 and 7 of the G 
designator are undefined and must be set to zero. 

(cont inued ) 
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3.2.1.200 



(Cont'd) 

Registers X and Y contain offsets, for vectors A and 
b! respectively. When a constant is broadcast for 
either vector, that vector has no length and the 
offset is ignored. 

The lengths and base addresses of vectors A, 8 and Z 
are contained in registers A, B, and Z, ^^f ^^^^^^ !' 
The lengths of vectors A and 8 are in words or half 
Mords. The length of vector Z is in bits. 

Each element of vector B is subtracted from the 
corresponding element of vector A. The operational 
decision is ^ade on the result of this subtract 
according to the "floating point compare rules 
in S.l.f*.?. 

Data flag: bit ^6 

INDEX LIST >C 

INDEX LIST >C 

INDEX LIST >C 

INDEX LIST >C 

For each element of vector A, search and compare 
against the successive elements of sector B. _ 
Terminate each search iteration when a Hit (A -, ^, 
>! < B) is made or when vector 8 has been exhausted. 
After each iteration, clear the « ' ^'"^"^ ^" ^^^^ ' ^^^. 
vector C and transmit to it the index of the element 
in vector 8 which caused the search iteration to 
terminate. Regardless of whether 32 or ^'^'l^l 
operands are used, the resulting index '^^J^^'^'^'l 
word with the index in the right-most '♦^ bits. The 
left-most 16 bits are cleared to zero. For example, 
the sixth index in vector C appropriately shifted 
and added to the address of the ^ i^^\« ' ^'"^"J; °i, 
vector B will form the address of that element o 
vector B which caused the search iteration associated 
with the sixth element of A to terminate. The 
instruction terminates when vector A is exhausted. 



3. 2.1.201 


C3 


1 


£ 


NT 


SEARCH 


eq; 


3. 2« 1.202 


C9 


1 


£ 


NT 


SEARCH 


Nt; 


3. 2.1.203 


CA 


1 


E 


NT 


SEARCH 


tot'. 


3.2.1.20'* 


CB 


1 


E 


NT 


SEARCH 


LI ; 



Q n esiq n^tyr Bits 









1 



Inle £SLrsl3J-L2n. 



A 
A 



and 

an d 



operand s 
operands 



are 
are 



6'+ 
32 



bits 
bits 



I ong< 
long. 
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Z^Z'l-ZQ'* 



(Cont'd) 

an 

1 



Control vector operates (allows store 
into the C vector) on binary ones. 

1 Control vector operates on binary 
zeros. 

Start each search iteration at the 
beginning of vector 3. 

1 Start each search iteration at the 
location of the hit found in the 
previous search iteration. 



A control vector (see Section 3. 1.1. a.'*) may be 
specified by the Z designator with each bit of 
the control vector associated with a single element 
of vector C (thus controlling the storage of an index 
into that specific element). No length nor offset is 
recognized for the control vector. This instruction 
performs as if a search iteration is performed for 
each element of vector A regardless of the control 
vector. 

The end of vector B acts like a hit» thus the index 
stored for a search iteration which exhausts vector 
8 will be equal to the length of vector 8. Note that 
if G bit 2 = if all following search iterations will 
start and end at the end of vector B. If the length 
of vector B is initially zero, all indices stored 
will be zero. 

For either the case of vector B being exhausted with 
G bit 2 = 1 or the length of vector 8 being initially 
zeror search iterations for each element of vector A 
will continue to be performed until vector A is 
exhausted. Thus, an indefinite element anywhere 
In vector A will always cause Data Flag Bit W€> to 
be set. 

The X and Y designators and bits 3-7 of the G 
designator are undefined and must be set to zero. 
No lengths nor offsets are recognized on vectors 
C and Z. 

Each element of vector B is subtracted from the 
corresponding element of vector A. The operational 
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3.2.1.20'+ 



3.2.1,205 



3.2.1.206 



(Cont'd) 

decision is made on the result of this subtract 
according to the "floating point compare rules"2 in 
3.1.<f.5 , 

Data flags? bit ^46 

CC 3 6if NT MASKED BINARY COMPARE; A EQ/NE [3) 

PER (C) 

This instruction searches source field A (Reference 
Field) for a match with the contents of the register 
specified by the B designator. The contents of the 
register specified by the C designator serves as a 
word masK such that the instruction fTiakes a word-by- 
word comparison only when there are ones in the 
corresponding bit positions of the mask. Bits of the 
reference field and the contents of 3 are considered 
fa match wherever there is a zero bit in the mask 
word. 

The Y and Z designators and G-Bits 0-5 are not used 

and must be zeroes. G-Bit 7=0 and 1 to search for 

equality and inequality, respectively. Registers B 
and C are S^t-blt quantities. 

The A index is incremented by one after each word 
searched not resulting in a match. However, if no 
match is found, the A index is increased by the 
length of the A field. When a match is found, the A 
Index provides a means of locating the word of the 
reference field matching the contents of 8, 

Index increments for mask binary compare. 

£lel5l Data FUq Bjt ^ 7 Index Tncrg>ment 

A 1 Full Increment (No 

Match) 

A Partial Increment 

(Match) 

Data flagt bit 37 



CD 



32 IN HALF WORD ENTER (R) WITH 1(2'* BITS) 



Clear register R and transfer the right-most 2^ bits 
of this instruction to the right-most 2** bits of 
register R. 
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3.2.1.207 



C£ 



32 IN HALF WORD INCREASE (R) BY Hzt* BITS) 



Replace the right-most 2't bits of^register R by the 
sum of those bits and the right-most 2*+ bits of this 
instruction word. Arithmetic overflow is ignored. 



3.2.1.208 



CF 



E NT ARITH. COMPRESS; A >C PER 8 



Soarse data vector C and its associated sparse order 
vector Z are formed by performing a floating point 
compare operation between elements of vector A and 
elements of vector B. For elements of vector A whose 
value is greater than or equal to the associated 
element of vector B» the element of vector A becomes 
an element of soarse data vector C and the associated 
sparse order vector bit is made a one. For elements 

is less than the associated 
element is stored (or 
vector*C and the associated 
is cleared to zero. Note that 
the G field may specify 



of vector A whose value 
element of vector 8» no 
skipped) in sparse data 
soarse order vector bit 
the sign control bits of 



operations on the elements of vector A and/or B 
before the "floating point compare" is made? however, 
the element of A, if stored into Cf wilt be the 
original element as read from vector A. Registers 
X and Y contain offsets for the A and B vectors 
respect i vel y . 

If bit of the G designator is cleared/set, the 
operand size is 6V/32 bits, respectively. If bit 
k of the G designator is set, register B contains a 
constant which is broadcast for vector B 
case, the Y designator is ignored. Bits ^, ^ 
of the G designator specify sign control? see 
section 3.1.'+. 3 for details. Bits 1, 2, " 
G designator are undefined and must be 



In this 
5, 6 and 7 



and 3 of the 
set to zero, 



This instruction terminates when vector A is 
exhausted. Upon termination, the number of operations 
performed (the bit length of the generated sparse 
order vector) is stored into the length portion of 
register Z and the number of operands copied into 
soarse data vector C is stored into the length 
portion of register C. The Z and C register results 
are undefined if the Z and C designators are equal. 



The B field is extended with machine 
B field length is exhausted. 



zero when the 
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3.2.1.208 {Cont'd) 

Each element of vector B is subtracted from the 
correspondingg element of vector A. The 
operational decision is made on the result of 
this subtract according to the "floating point 
compare rules" in S.l.'f.S. 

Data f I ag J bi t ^^6 

Arithmetic compress example (broadcast 8) 

F GXAY8ZC 

I OF JO 8J0 5S0 6J0 OlQ 710 850 9! 

Before execution 

Register 05 =0000000 000 00 01 

06 = 0007000000 010000 

07 = floating point constant B 

08 = 0000000000020000 

09 = 0000000000 030000 
Bit address 10000 - 10180 



i A 



S 



t ! A : A 
2 13 1V 



6 I 



6if bits 

where JA J is not examined due to the offset of l 

t 0! from register o5 

lA ! > B 

J 18 - 

fA S < 8 

i 21 

:a ! > B 

I 3S - 

lA J < B 
} k\ 



: A ! > B 
I 5! - 
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3.2.1.208 



3.2.1.209 



3.2.1.210 



(Cont'd) 

!A ! > 8 
} 61 - 

After execution 

Register o5» 06 and Q7 are unchanged* 

08 = 0006000000020000 

09 = O00'+000000030000 

Bit address 2000Q - 20005 

ll80llJ0!l!l! 



\ / 

V 

1 bit 



Bit address 30000 - 300C0 

<a la la «a • 

S 1 J 3 ! 5 S 6 ! 

\ / 

V 



00 



6if bits 
E VM AVERAGE ( A ( N) +B{ N) ) /2 >C{N) 



The Nth element of result vector C is the normalized 
sum of the Nth elements of vectors A and B divided by 
two. Dividing by two is accomplished by reducing the 
exponent of the sum by one. 

Bits 5-7 of G designator are undefined and must be 
set to zero. 

Data flags: Bits t*3 and ^6 

01 1 E VM ADJ. MEAN ( A( N+i ) +A (N) ) /2 > CCN) 

The Nth element of result vector C is the normalized 
sum of the Nth and Nth + i elements of vector A 
divided by two. Dividing by two is accomplished by 
reducing the exponent of the sum by one. 

The Y and 8 designators and bits 3-7 of the G 
designator are undefined and must be set to zero. 

Data flagsl bits kZ and ^+6 
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3.2.1.211 D2 ILLEGAL 

3.2.1.212 03 ILLEGAL 

3.2.1.213 D£f 1 £ VM AVE. OIFF. (A (N) -B (N) ) /2 >C{N) 

The Nth element of result vector C is the normalized 
difference of the Nth elements of vectors A and B 
divided by two. Dividing by two is accomplished by 
reducing the exponent of the difference by one. 

Bits 5-7 of the G designator are undefined and must 
be set to zeros. 

Data flag: bits kz and ^6 

3,2.1.21^ 05 1 E VM DELTA (A (N+l ) -A { N ) ) >C(N) 

The Nth element of result vector C is formed by 

subtracting the Nth element of vector A from the 

Nth + 1 element of vector A. Normalized arithmetic 
is used. 

The Y and 8 designators and bits 3-7 of the G 
designator are undefined and must be set to zero. 

ILLEGAL 

ILLEGAL 

MAX. OF A TO <C) t ITEM COUNT TO (B» 

MIN. OF A TO (C) , ITEM COUNT TO (8) 

Search and compare { using f I oat ing point compare 
rules) the successive elements of vector A for the 
maximum element and transmit it to register C. The 
number of elements in vector A before (but not 
including) the maximum element is the item count 
which is stored into the right-most hi bits of a 
cleared register 8. The instruction terminates 
when vector A is exhausted. 

In the event of multiple maximum elements* data flag 
5k will be set and the first of the multiple maximum 
elements examined will be the one recorded. In this 
case these elements* although equal, are not 
necessarily identical. 

If an indefinite element is encountered and examined* 
register C is set to indefinite and data flag bit ^+6 
is set. In this case, the contents of register 8 and 
data flag bit 5i* are undefined. 

(cont inued ) 



3.2.1.215 


06 








3.2.1.216 


07 








3.2.1.217 


08 


1 


E 


NT 


3.2.1.218 


09 


1 


E 


NT 
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3.2.1.218 



(Cont'd) 







Q 
1 




1 



G QgSiqnqtor Bjts 

In terpretation 

A operands and register are 6tf bit 
A operands and register C are 32 bit 

Control vector operates (causes the 
element of A to be exainined) on 
binary ones 

Control vector operates on binary 
zeros 



Sign control (see section 3.1.4.9) 



A control vector may be soecified by the Z designator 
with each bit of the control vector associated with a 
single element of vector A (thus controlling the 
elements of vector A which are examined). No offset 
nor length is defined for the control vector. If the 
control vector is used and it has no permissive 
elements in iff no elements of vector A are examined 
and the contents of register C are undefined. In this 
case» the item count in register B is the length of 
vector A minus the A offset. 

The length and base address of vector A are in 
register A. Register X contains the offset for 
vector A, 

One of the Sign Control (section 3.i.t».9) operations 
is available by the use of G-bi t 5. By setting this 
bit* the magnitude of the elements of vector A are 
compared. The unaltered element as read from vector 
A will be stored into register C. 

The Y designator and bits 2, 3» ^f 6 and 7 of the G 
designator are undefined and must be set to zero. 

The B and C Register results are undefined if the 8 
and C designaors are equal. 

The 09 (Minimum of A to C) instruction is identical 
to the preceding description with the word minimum 
substituted for maximum. 



Data flags! bits kb and 5k, 
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3.2.1.219 



OA 



E VM SUM { A0 + A1 + A2... AN) TO C AND C*-l 



3.2.1.220 



The double precision unnorma I Ized floating point 
sum of all the elements of vector A is placed 
into the registers designated by C and C+1. The 
Upper Result and the Lower Result are stored into 
registers C and C*-lt respectively. The instruction 
terminates when vector A is exhausted. Register C 
Tiust be even. If register C is odd or zero, the 
instruction results are undefined. 

Data flag bit ^+3 is determined only oy the final 
result and will be set if the Lower Result is machine 
zero, regardless of the value of the upper result. 
If the Upper Result is indefinite, the Lower Result 
is undefined. Data flag bits ^2 and ^+6 will be set 
normally as required on any one of the Add 
ooerat i ons . 

If a control vector is specified and contains no 
permissive elements, the result is machine zero 
and Data Flag '♦3 is set. 

The y and 8 designators and bits 2-7 of the G 
designator are undefined and must be set to zero. 
There is no length specification nor offset for 
control vector A. 

Data flags* bits kZi kz and kb 



03 



VM PRODUCT; (AO, Al, A2...AN) TO C 



This instruction forms the Significant Product of the 
successive elements of vector A and stores it into 
register C. The number of significant bits In the 
partial product is adjusted after each 
mu I t ip I icat ion. 

Data flag bits ^3 and kS are determined only by the 
final result. Data flag bit '♦2 will be set if any 
multiply operation overflows. 

The Y and B designators and bits 2-7 of the G 
designator are undefined and must be set to zero. 
There is no length specification for control vector 
Z. The instruction terminates when vector Z is 
exhausted. 
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3.2.1.220 



(Cont'd) 

If the C designator is equal to zerot the results of 
this instruction are undefined. 

If the control vector contains no permissive 
elements the result is a normalized one. 

Data flags: bits t+2j k3 and 46 



3.2.1.221 



DC 



VM DOT PRODUCT TO (C) AND (C+1) 



Multiply vector A by vector B and form the sum of the 
products. Double precision» unnormalized arithmetic 
is performed. Bits 2-7 of the G aesignator are 
undefined and must be set to zero. 

The Upper Result and the Lower Result are stored in 
the registers designated by C and C■^l♦ respectively. 

Data flag bits ^+3 and (+6 are determined only by the 
final Upper and Lower Result, If the Upper Result is 
indefinite, the Lower Result is undefined. Data flag 
bit ^3 will be set if the Lower Result is machine 
zero, regardless of the value of the upper result. 
Data flag bit kz will be set if any multiply or 
addition operation overflows. 

There is no length specification for control vector 
Z. 

Register C flLys_t be even. If register C is odd or 
zero, the instruction results are undefined. 

If the control vector contains no permissive 
elements the result is machine zero and Data flag kZ 
is set. 

Data flags: bits kZi t*3 and «♦& 



3.2.1,222 
3.2.1.223 



DD 
OE 



ILLEGAL 
ILLEGAL 
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3.2.1.22^ 



OF 



vrt interval;a per b >c 



3.2.1.225 


EO 


3.2.1.226 


El 


3.2.1.227 


E2 


3.2.1.228 


E3 


3.2.1.229 


Ek 


3,2.1.230 


E5 


3.2.1.231 


E6 


3.2.1.232 


E7 


3.2.1.233 


E8 


3.2.1.23^ 


E9 


3.2.1.235 


EA 


3.2.1.236 


E3 


3.2.1.237 


EC 


3.2.1.238 


EO 


3.2.1.239 


EE 


3. 2.1. 2^*0 


EE 


3.2.1.2«tl 


FO 



This instruction forms a result vector C whose 
initial element is the constant 'from register 8 and 
whose succeeding elements are greater than the 
preceding element of vector C by the constant 
contained in register B. Thust the second element 
equals the first element of C plus the contents of 
B; the third element equals the second element plus 
the contents of B, etc. Arithmetic is unnorna 1 i zed. 

If a control vector is used, the "last element" is 
the last element formed even though it was not stored 
into the destination field. 

If a non-permissive bit in the control vector is 
encountered, the addition operation is performed and 
the result retained but not stored in the result 
vector. If the result of this operation is 
indefinite, the appropriate data flag will not be set 
until a permissive bit is encountered in the control 
vector thus allowing a result to be stored in the 
result vector. Overflow will be set on the next 
permitted store even it the iterative step which 
overflowed was not stored. 

If the A designator is zero, this is treated as a 

broadcast register and 8000 is read from the 

register zero. The X and Y designators and bits 3 
through 7 of the G designator are undefined and must 
be set to zero. 

Data flagsJ bits kZt ^3 and i+e> 



ILLEGAL 
ILLEGAL 
ILLEGAL 
ILLEGAL 
ILLEGAL 
ILLEGAL 
ILLEGAL 
ILLEGAL 
ILLEGAL 
ILLEGAL 
ILLEGAL 
ILLEGAL 
ILLEGAL 
ILLEGAL 
ILLEGAL 
ILLEGAL 
LS LOGICAL 



EXCLUSIVE OR A, B >C 
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S 


U P E 


R 


C 


M 


PUTER .OPERA 


T 


3.2.1.2'*2 
3.2.1.2'*3 
3.2.1.2't^ 
3. 2. 1.2^*5 
3.2.1.2^6 
3.2.1.2'*? 
3.2.1.2^8 


Fl 
F2 
F3 
F^ 
: F5 
F6 
F7 


3 
3 
3 
3 
3 
3 
3 




LS 
LS 
LS 
LS 
LS 
LS 
LS 


LOGICAL AND 
LOGICAL INCLUSIVE OR 
LOGICAL STROKE ' > 
LOGICAL PIERCE 
LOGICAL IMPLICATION 
LOGICAL INHIBIT 
LOGICAL EQUIVALENCE 


A, 
At 
A, 
A, 
A, 
A, 
A, 


B >C 

8 >C 

3 >C 

8 >C 

8 >C 

B >C 

B >C 



The above instrucions perform the indicated bit by 
bit logical functions on binary fields A and B and 
store the result into field C. 

TRUTH TABLE 





I 




JEXCL. OR 


:ano! orjstrokespiercej impli 


. ! inhibit 


IEQUIV. ! 








1 




! I i 


5 


1 


_ 


, \ 


J A 




B 


1 


A-8 


lA.BIA+BJ (A.B) 


I (A*B) 


1 A + B 


1 A.S 


! A - 3 S 


J 







I 





S J 1 


I 1 


1 1 


! • 


1 i 


! 




1 


I 


1 


! 1 } 1 


1 


! 


1 


! 


!l 







! 


1 


S 1 1 1 


I 


J 1 


5 1 


5 


SI 




1 


{ 


i 


1 S 1 J 


: 


: 1 


I 


1 



Binary field A, B and C are strings of bits. The 
operation oroceeds from left to right and terminates 
when the C field is exhausted. Item counts are bit 
counts. 

Fields A and/or B are extended automatically with 
binary zeros if they are shorter than field C. 

The G designator is undefined and must be set to 
zeros. 

Data flags: Result field all zeros bit 53, result 
field mixed bit 5%, and result field all ones bit 55. 



3.2.1.249 



F8 



8 ST MOVE BYTES LEFT? A >C 



This instruction moves source field A to result field 
C. The bytes in the field are considered from left 
to right. Thus, the most significant byte of the 
source field is moved to the most significant byte 
position of the result field. 
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3. 2.1. 2^+9 (Cont'd) 



The Y and G designators are not^used and must be 
zeroes . 

If the origin field is shorter than the destination 

field, the destination field is filled in with the 
repeated byte found in the B designator of the 
instruction. 

If the origin field is longer than the destination 
field, the ooeration is truncated when the 
destination field is exhausted. 



3.2.1.250 
3.2.1.251 
3.2.1.252 
3.2.1.253 
3. 2.1.25'+ 
3.2.1.255 
3. Z. 1.256 



F9 
FA 
F3 
FC 

FO 
F£ 

FF 



ILLEGAL 
ILLEGAL 
ILLEGAL 
ILLEGAL 
ILLEGAL 
ILLEGAL 
ILLEGAL 



5. 

6.0 
6.1 



TEST REQUIREMENTS (not applicable) 
PREPARATION FOR DELIVERY (not applicable) 

NOTES 

ASCII/EBCDIC Reference Charts 
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T 
A 


he f 

sen 


ollowing table defines the 
Reference Chart. 


control cnaraciei 5. u=>c^^ * - 


{NUL 


Nul 1 


IDLE 
• 


Data Link Escape (CO ' 


J 

!SOH 


Start of Heading (CO 


lOCi 
1 


Device Control 1 • 


tSTX 


start of Text (CO 


1 

S0C2 
1 


Device Control 2 | 


lETX 


End of Text (CO 


1 

iOC3 


Device Control 3 | 




EOT 


End of Transmission (CO 


1 

!DCi* 

1 


Device Control ^ (Stop) > 




ENQ 


Enquiry (CO 


• 

JNAK 

4 


Negative Acknowledge (CO 5 




ACK 


AcKnoHledge (CO 


1 

!SYN 


Synchronous Idle (CO | 




BEL 


BeJ 1 (audible or 
attention signal) 


< 

5ETB 

1 

a 


End of Transmission Block 5 

(CO ; 




8S 


Backspace (FE) 


1 

J CAN 
! 


Cancel ^ 




HT 


Horizontal Tabulation 
(punched card sKip (FE) 


1 

lEM 

• 
• 

SSUB 


End of Medium | 
Substi tute 1 




LF 

1 


Line Feed (FE) 


1 

1ESC 


Escape \ 




IVT 

1 


Vertical Tabulation (FE) 


1 

SFS 


Fl 1 e Separator (IS) • 




!FF 

1 


Form Feed (FE) 


SGS 


Group Separator (IS) ' 




• 

SCR 
• 


Carriage Return (FE) 


I 

SRS 


Record Separator (IS) • 




ISO 

! 


Shift Out 


1 

lUS 


Unit Separator (IS) • 


»SI 


Shift In 


1 


1 i 




1 

! 

■ 




!DEL 
I 


Delete ; 



NOTE: (CO Communication Control 
(FE) Format Effector 
(IS) Information Separator 



Sn the strict sense, DEL is not a control character. 
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1 





1 







1 
1 



1 






1 

1 




1 

1 





1 
1 
1 


1 

o' 





1 




1 


1 


1 




1 


1 

1 


1 
1 





1 
1 

1 


1 
1 
1 



1 
1 

1 

1 








t>8 t) 








7b 


6b 




»■ 


5 


'4» 


■ 1 


=1 


VCOL. 

^v *" 

ROW ' \>, 




1 


2 


3 


4 


5 


6 


7 


8 


9 


10 

(A) 


11 
(8) 


12 

(C) 


13 

(D) 


14 
(E) 


15 
IF) 










NUL 


OLE 


SP 





@ 


P 


\ 


P 




















1 


1 


SOH 


DCI 


! 


t 


A 


Q 


a 


q 




















10 


2 


STX 


DC2 


■• 


2 


B 


R 


b 


r 




















11 


3 


ETX 


DC3 


# 


3 


C 


S 


c 


s 




















10 


4 


EOT 


0C4 


$ 


4 


D 


T 


d 


t 




















10 1 
110 


5 
6 


ENQ 


NAK 


% 


5 


E 


U 


e 


u 




















ACK 


SYN 


a 


6 


F 


V 


f 


V 




















111 


7 


BEL 


ETB 


J 


7 


G 


w 


g 


w 




















10 


8 


BS 


CAN 


( 


8 


H 


X 


h 


X 




















10 1 


9 


HT 


EM 


) 


9 


I 


Y 


i 


y 




















10 10 


10 (A) 


LF 


SUB 


* 


• 
• 


J 


z 


i 


z 




















10 11 


1 1 (B) 


VT 


ESC 


+ 


* 


K 




k 


{ 






















110 


12 (C) 


FF 


FS 


5 


< 


L 


\ 


1 


1 
1 




















110 1 


13. (D) 


CR 


GS 


- 


= 


M 




m 


} 




















1110 


14 (E) 


SO 


RS 


• 


> 


N 


A 


n 


1^ 










* 










1111 


15 (F) 


SI 


US 


/ 


? 











DEL 
















EO 
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■ 








1 





1 







1 
1 




1 






1 



1 



1 

1 





1 

1 
1 


1 






1 




1 


1 



1 



1 


1 

1 


1 
1 





1 
! 



1 


1 
1 
1 



1 
1 
1 
t 1 


































* 




t>8 ^7^e> ^i ^4'i'3 "Ja ^1 


'\C0L. 





1 


2 


3 


4 


5 


6 


7 


8 


9 


1 
(A) 


11 
(Bl 


12 
(C) 


13 
(0) 


14 
(E) 


15 
(F) 




'I ■ 




\ 


row! 


\ 










NUL 


OLE 






SP 


a 


- 














} 


\ 







1 


1 


SOH 


001 










/ 




a 


i 


'- 




A 


J 




1 




10 


2 


STX 


0C2 




SYN 










b 


k 


s 




B 


K 


S 


2 




11 


3 


ETX 


0C3 














c 


1 


t 




C 


L 


T 


3 




10 


4 


















d 


m 


u 







M 


U 


4 




10 1 


5 


HT 




LF 












e 


n 


V 




E 


N 


V 


5 




Olio 


6 




3S 


ETB 










- -- 


f 





w 




P 





w 


6 




111 


7 


DEL 




ESC 


EOT 








g 


P 


X 




G 


P 


X 


7 




10 


8 




CAN 














h 


Q 


y 




H 


Q 


Y 


8 




10 1 


9 




EM 












N 


i 


f 


z 




I 


R 


2 


9 




10 10 


10 


(A) 










■" 


] 


1 


• 
• 




















toil 


11 


(B) 


VT 








• 


$ 


) 


# 




















110 


12 


(C) 


FF 


FS 




DC4 


< 


¥: 


/o 


® 




















110 1 


13 


ID) 


CR 


GS 


ENQ 


NAK 


( 


) 





J 




















1110 


14 


(E) 


SO 


RS 


ACK 




+ 


) 


> 


= 




















1111 


i5 


(F) 


SI 


US 


8EL 


sua 


1 


A 


? 


" 
















EO 



»J "ij l>) \ 
BOWV, 



U •) B 1 
"VUI 00 

U 9-1 
son Ul 



inl 

ij 11-9 fl. 

1)1 1 I 



10 



>1 9-2 
'j"> 02 



IJ 9 J 

I IK 03 

'i-l 



DC J 
II 9- J 

0C2 



OC3 

n -9 3 



'J B 'j 
€nU 2D 



ACK 

U 9-8-u 

fttK 2e 



9 a-< 
D(:4 



9li b 

9 2 

SVN 



9-8-; 
BIL 2f 

US 

M-9 6 

US 16 



£TU 
9 6 
ETU 



' CAN 
I n-9-B 

I CAN 



; EM 

11-9 a-1 

EM 



12 9 a 4 

n jx: 
12 9 a-b 

C" 01) 

so ' 

12 9 8-6 



12 9 8") 

SI 01 



ESC 

9) 

ESC 2) 

fS 

11-9 8-4 
^FS IC 

GS 

II 9 8-6 

ICS ID 

RS ~ 

119-8-6 

iHS IE 

US 

11 9-8-) 

lUS If 



SP 40 



12-8-) 
4f 



S 

11-8-3 
S SB 



SO 



J Fl 

2 

2 
2 f2 



3 
i fl 



5 

S 
b Fb 

ti 

6 
6 F6 



8 

8 
8 F8 



9 
9 F9 



I l-B-'l- 
■ SC 

12-8-6 
46 



B-3 



60 

12-8-3 



11-8-6 
b£ 



12 8 4 
< 4C 



8-6 
> 66 



8-) 
' Gf 



i;-i 

ACl 



c 

12-3 
C C3 



12-4 
DC4 
t 

12 b 
E Cb 
I 

12 u 
F C6 



C. 

Ii2.) 
GO 



12-8 
HCa 
1 
12 9 

I C9 
J 

1 1- 1 
J 01 
K 

II 2 
K U2 

L 

II J 
103 
M 

II 4 
M04 

N 

II b 
NU5 I 

6'" 

11-6 
06 



1 1 ) 
f 0) 



fl 

n-9 

H 09 



s 

0-3 
S 62 

T ~ 
0-3 
T E3 
U 

4 
U E4 

V 

0-5 
V tb 



0-6 . 
W t6 



0-) 
X E) 



0-8 
V Ed 



2 

9 
2 E9 

1 

12 B 2 

< 4A 



B-2 



II 8 2 
I bA 



118/ 

- if 



12 1 

i 81 



12-0 2 
b 82 



12-0 3 
c 83 



12-0 4 
a 84 



12 II ) 
1. 9) 



12 11 8 
II 98 



12-119 
99 



12 Ob 110 4 
V 8b u A4 



12-0-6 II I 
I 8fi , . / 



12-0-/ 11 6 
A6 



12-0-8 no ) 
h ea ; ■ a; 



12-0 9 ; 110 8 
89 , V AS 



12-11- I j II -0 9 
I 91 j ; A9 

12 112 !l2 
l 92 , CO 



12 ll-J 
c 93 



12 ll-b 

i. 9S 



12-11 6 
o 96 



110 1 

Al 

Ot 1 
12 9; 
DEL 0) 



I I 9 B 1 
OS 20 



9 1 

SOS 31 



9 2 

fS 22 



9 4 

BVP 24 



11 9 b 

Ml lb 



12-9 

LC M 



0-9 8-2 

SM 2A 



3 8-3 
CU2 2B 



17 9 8 1 
111 I 09 



12 9 8 2 
SMM OA 



11 9-8 J 
CUI lU 



{_„ 



12 11 9 H 1 M 2 9 I 



119 8 2 
CC 



9 b 



9 6 

UC 



9 8 3 
CU3 



II 9-4 
IIES 



42 ' 

I 
12 'J J I II 9 2 

A? 

12 O 9-4 
44 

12-0 9b n-0-9 4 
45^1 64 

120 9-6 ' II -0 9-b 

46 6b 

i.' (i 9 / j I 1-0 9 6 
_4) i^ 00 



12 11 9 2 
b2 



12 11-9 / 
b! 



12 11 9 2 

;2 



12 II 9 4 



17 110'); 



13 ' 
IDI 



12 II 8 / 17 II o H 



r:: 



1 1 H I ' 1 7 1 1 9 



1 2 1 1 ') II I I I u H 7 1)110 8 

'8 AA { Ui 



II 0-8 J 12 II 8 J 

AH U8 



12 8 4 110 8 

UC , 



12 118 2 



12 II P-8 4 

BC 



12 110 8b 
BO 



12 II 8 i; 
UL 



12 II 8 ) 
111 



12 9-82 

i:a 



12 9 8 1 
CB 



12 9 8 4 
J" CC 



12 1 1 .! 17 9 8b 

BJ 



12 II 8 J j 12 11 4 

96 _ H 

12 118 4 1 12 II O b 



91 



12 11 8b 

91 • 



1 7 I I 6 



12 9 8 6 
V CI 



12 O 9 8 ) 
CI 



17 II 98 2 
OA 



12 II 9 8 J 



lb 
If) 



17 II 'J 8 4 



17 II •! 8 I. 



17 119 8 ) 



110-984 

H I 



12 II 9 8 2 
ULVMI FA 



12-11-0-9 8 3 

fa 



12 11 0-9-8 4 

fC 



12 II 9 8 b 



17 II 9 K 6 
K 

eo' "" " 

12 II 9 8 ) 
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) 



-/ 



11-8-2 



6A 



7 V 
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3 


(/) 


m 
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?G 
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x: 
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